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All drawings located at the end of the document.
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E nelosed S0Ps

FO4, Rev 1 GT 1L, 6 Rev L
FOS, Rev 1 GT 2, Rev 1
FO &, Rev L GT4,Rev L
FO 7, Re\/ l. GTé) Re\/ J_
FO8,Rev L GT 10, Rev L
O 9,Rev3_ GT 15, Rev D
FO 10, Rev 1 GT 17 Rev D

FO 14, Rev L GT 18, Rev @D
GCT 19, Rev ¢, FD

Also included are. the EPA review, comments.
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Enclosed SOP's:

FO.2, Rev.0 G6W.3, Rev.0
FO.3, Rev.0

FO.4, Rev.1 GT.1, Rev.1
FO.5, Rev.1” GT.2, Rev.1
FO.6, Rev.1 G6T7.3, Red.0
FO.7, Rev.1 ; GT.4, Rev 1
FO.8, Rev.1 GT.5, Rov.0
FO.10, Rev.1 GT.6, Rev.1
FO.11, Rev.0 GT.10, Rev.1
FO.12, Rev.0 GT.15, Rev.D
F0.13, Rev.0 GT.17, Rev.D
FO.14, Rev.1 GT.18, Rev.0,D
FO.15, Rov.0 o ‘gjms, Rev.0,FD

FO.1¢, Reov.0

This volume comprises SOP's required for initiation of field operations. Bold
versions In the above list have "been recently revised or drafted in response to

DOE and/or EPA comments.

Please reference SOP's dated February 1991 for FO.2, Rev. O; F.O. 3, Rev. O3
F.O. 11, Rev. 0; F.0. 12, Rev O0; F. O. 13, Rev. O; F.O. 15, Rev. 0O; F.O. 16,

Rev. O; GW.3, Rev. O; GT3, Rev. 0; GT5, Rev. O
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20 PURPOSE AND SCOPE

30

This standard operating procedure (SOP) describes the procedures and equipment that will be used
at the Rocky Flats Plant (RFP) to remove contaminants that may accumulate on heavy equpment
This SOP 1s apphicable to all operations conducted as part of the Environmental Management (EM)
Program

This SOP describes the equipment and procedures required to complete decontamnation of heavy

equipment
RESPONSIBILITIES AND QUALIFICATIONS

EG&G Radiation Protection Techmcians (RPTs) or RPT designated representatives will perform
radiation screeming of all personnel and equipment leaving a work area Screeming will be
performed m accordance with EG&G Radiological Operation Instruction 31 and screenming
procedures will follow Section 63, Contamination Momitoring of thus SOP  For radiologically
contaminated equipment, radiation screening will be performed following each field decontammation
procedure until the equipment s free of radiological contammation or the decision 1s made to seal
the contaminated area and transport the equpment to the central decontamimnation station All
radiologically contaminated heavy equipment transported to the central decontamination station wall

be screened by the RPTs or RPT designated representatives following decontamination

The subcontractor’s project manager 1s responsible for ensuring that appropniate project staff and
equipment are assigned to implement field decontamination, transport, and final decontammnation
of heavy equipment used by that subcontractor The subcontractor’s Site Safety Officer 1s
responsible for performing Volatile Organic Compound (VOC) contamination screening of heavy
equpment 1n accordance with the procedures given n Section 6.3, Contamimation Momtoring, of
this SOP The subcontractor’s Site Safety Officer 1s also responsible for performing radiological

momtoring during contaminant reduction of heavy equipment 1n the field

(4011-REV)(FO4REV 1)(06/07/91 3 33pm)
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4.0

41

42

All personnel operating heavy equipment or company vehicles must have appropnate traimng and

licenses
REFERENCES
SOURCE REFERENCES

A Compendium of Superfund Field Qperations Methods EPA/540/P-87/001 December 1987

1 nd Health Guidance Manual for Hazardous W ite Activity
NIOSH/OSHA /USCG/EPA October 1985

nse Procedures (NARP) Manual The Defense Nuclear Agency
January 1984 Change 1, July 1984.

Standard Operating Safety Gwdes EPA November 1984

Techmical Enforcement Gwidance Document (TEGD) EPA 1986
INTERNAL REFERENCES

Related SOPs and EG&G Radiological Operating Instructions (ROI) cross-referenced in these

procedures are as follows

. SOP FO 3, General Equipment Decontamination

. SOP FO 7, Handling of Decontamination Water and Washwater
. SOP FO 8, Handhing of Drilling Fluids and Cuttings

. SOP FO 10, Receiving, Labeling, and Handling Waste Containers
. SOP GT 1, Performance of Surface Contamination Surveys

(4011 REV)(FO4REV 1)(06/07/91 333pm)
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5.0 EQUIPMENT REQUIRED

51 CONTAMINATION REDUCTION IN THE FIELD

52

At the work site, contamination reduction will be accomplished by using the following items

. Spatula

. Suff bristle brushes

. Long-handled shovel

. Plastic sheeting

. Absorbent wipes

) Contaners for potentially contaminated media

. A trailer and tow vehicle to transport heavy equipment from work areas known or

suspected of contaiming surficial contammnation to a central decontaminating
station Procedures to hmit the spread of contamination during transport are

provided 1n Subsection 6 4

Contamination monitoring will be accomplished using the following instruments

. Radiation detection equipment
. Organic Vapor Detector (OVD) (Hnu or equivalent)

MAIN DECONTAMINATION FACILITY

The most effective results will be obtamned at a fixed decontamination station with provisions for
ensuring that wash and ninse solutions rapidly drain away from the equipment being decontaminated
and are contamnerized Numerous equipment items and supphies must be furnished from various

sources for the Main Decontamination Facility (MDF) to function as intended The equipment

(4011 REV)(FO4REV 1)(06/07/91 3 33pm)




HEAVY EQUIPMENT DECONTAMINATION

EG&G ROCKY FLATS PLANT Manual 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No.: FO.4, Rev. 1
Page: 6 of 21
Effective Date. June 10, 1991
Category 2 Organization. Environmental Management

listed below has been divided 1nto two sections "Equipment Provided At The MDF" and "Equipment
Provided By MDF Users "

Equipment And Supplies Provided At The MDF

Drains, pumps, and tanks for the collectsion and holding of decontamination and

rmse solutions

High pressure steam cleaner and hugh pressure wash and rinse systems

Suffient potable water to be used n the high pressure cleaning systems

Portable power generator

Splash curtains

Wooden pallets

A back-hoe or equivalent heavy equipment item outfitted with a "drum grappler”

A two wheeled "dolley” designed to carry 55-gallon drums

Overpacks to be used in the event a waste contamer 1s dropped or otherwise

damaged and starts to spill wastes

Opaque, water proof sheeting

Plastic or nylon banding and the equpment necessary to band the sheeting to

waste containers

(4011 REV)(FO4REV 1)(06/07/91 333pm)
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. Long and short-handled stiff bristle brushes
. Wire brushes
. Wash and rinse buckets for equipment intenors
. Premoistened towelettes
. Duct tape or equivalent
. Windsock or equivalent method for decontamination workers to determine the

wind direction

Equipment And Supphies Provided By MDF Users

. Personal protective equipment (PPE) as required by the site-specific Health and
Safety Plan
. Waste containers for used PPE, non-reusable items required to complete

decontamination, and soils dislodged during decontammation

. An OVD to screen equipment and waste contamers for an estimate of the

effectiveness of decontamination efforts
. Radiation detection equipment
. Wash and nnse buckets necessary to establish a personal decontammation line

identical to the one used at the work-site that resulted in contamination of the

items being decontaminated

(4011 REV)(FO4REV 1)(06/07/91 3.33pm)
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. Any equipment of task-speafic decontamination flmds required by a SOP or

SOPA but that are not hsted as being available at the MDF

. Blank waste contamer labels to replace any completed labels that become

dislodged or rendered unledgible during the decontamination process

. In addition, MDF users are responsible for arranging to have an EG&G RPT or

RPT designated representative present if required

6.0 PROCEDURES

‘ 6.1 INTRODUCTION

Each project work area will be charactenzed by EG&G pnor to any ficld actiity Work area
charactenizations will be based on the historical background of the work area and include the
chemical results of previous soil and groundwater analyses and the results of field radiological
surveys conducted by EG&G RPTs or RPT designated representatives Work areas associated with
the EM program field operations fall into two characterizations potentially contaminated and not
potentially contaminated. Work areas currently characterized as potentially contaminated include

the following:
. Individual Hazardous Substance Sites (THSSs)
. Identified Groundwater Plume Areas
. Americium Zone at OU No 2
. Surface water and sediment samphng stations that have not been verified as

background locations

Potentially contaminated work areas where groundwater plumes have been identified will be

‘ specified 1n the applicable work plans, as appropriate Table FO 4-A1 of Appendix FO 4A lists the

(4011 REV)(FOJREV 1)(06/07/91 333pm)
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6.2

THSS work areas at RFP and Figure FO 4-A1 shows the locations of the IHSSs Figure FO 4-1
lustrates the identified groundwater plume areas and the amencium area at QU No 2. Table
FO 4-1 bists the surface water and sediment stations (locations) that have been venfied as
background stations (uncontaminated) as of December, 1990 Other surface and sediment sampling
stations will be added to this hist as they become venfied as background stations Unless specified
in the individual project work plans, all other work areas will be considered potentially contaminated
and the procedures described n this SOP will be followed

Heavy equpment used in a work area characterized as not potentially contaminated but where
environmental monitoring conducted as the work progresses indicates the presence of contamination
may also become contamnated Since such contamination 1s not always easiy discermble, it 1s
necessary to assume that all equipment working an area, where the presence of such substances are
known or suspected, has been contaminated Effective decontamination procedures as described
mn this SOP will be mplemented to mimmze the potential for cross-contamination, offsite

contaminant migration, and personnel exposure from improperly decontaminated equpment

Heavy equipment used 1n an activity area characterized by EG&G as not potentially contaminated
and where environmental momtoring conducted as the work progresses does not indicate the
presence of contamination may be washed at a central decontamination station Procedures
established i Section 60 are not applicable, but Form FO4A, Heavy Equipment
Decontammation/Wash Checkhst and Record, Sections I, II, and III (Attachment 1), shall be

completed
CONTAMINATION REDUCTION IN THE FIELD

Although the most effective decontamination wll generally be accomphshed at a dedicated
decontamnation station, it is always destrable to accomplish a reduction tn overall contamination
1 the field prior to moving equipment to a dedicated decontamnation station The goal of

contamination reduction is to limit contaminant migration from the exclusion zone Contamination

(4011 REV)(FOSREV 1)(06/07/91 3 33pm)
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TABLE FO.4-1
BACKGROUND SURFACE WATER AND SEDIMENT STATIONS
ROCKY FLATS PLANT
Surface Water Sediment

Station Number

SW004
SWo005
SW006
SWi108

SWo07

SW041
SWo080
SwW104
Swi107
SwWo42

Draft Backgr 4G L 1 Ch

Rocky Flats Plant, Golden, Colorado
rockwell\bkgdchem\sed-3a job

Station Number

SED 22
SED 20
SED 23
SED 21

SED 04

SED 17
SED 18
SED 19
SED 16
SED 15

zation Report

(4011 REV)(FOSREV 1)(06/10/91 10:59pm)

Location

Rock Creek Dramage
Rock Creek Dramnage
Rock Creck Dramage
Rock Creek Valley Wall

Tnbutary of Walnut Creek

Tributary of Woman Creek
Tnbutary of Woman Creek (spring)
Tributary of Woman Creck (spring)
Woman Creek Dramage

Offsite Gravel Pits
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reduction will occur near the work site waithin the exclusion zone

Contamination reduction 1s accomplished by scraping, brushing, or otherwise removing as much
obvious accumulation of the potentially contaminated media as possible After the potentially
contaminated media has been removed, monitoring will be accomplished by the subcontractor’s Site
Safety Officer The subcontractor’s Site Safety Officer will use procedures established in EG&G
Radiological Operation Instructions (ROI) 3 1, Performance of Surface Contamination Surveys, to
conduct radiation momtoring during contamination reduction activities in the field Sections 103
and 104 of the referenced ROI relate specifically to conducting monitoring of potentially
contaminated heavy equpment during contamination reduction actwities in the field If momtoring
indicated the presence of contamnation, the contaminated areas will be wiped with heavy-duty
premoistened towelettes (1€, baby wipes) if doing so may reduce contamination Following wipe
down with the premoistened towelettes, the area will be remomtored The preceding sequence of
actions will be repeated until monitoring indicates that no further reduction 1n contamnation 1s
occurring The contaminated area will then be sealed as described in Subsection 6 4. and the type,
amount, and location of contamination recorded on Form FO.4A The completed Form FO 4A will
accompany the equipment and be provided to the individual responsible for completing

decontamination at the main decontamination facahity.
In the event disposal equipment 1s not available and equipment must be re-used immediately; as
in the case of continuous samplers core butes, etc, a field decontammation may be set up outside
the exclusion zone A field decontamination will including the following procedures

. Scrape gross contamination from equipment while in the exclusion zone

. Remove the item to be decontaminated from the exclusion zone and wash 1n a

laboratory grade detergent and tap water A brush may be used for residual

particulates

(4011 REV)(FOSREV.1){06/07/51 3.33pm)
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. Runse the item n tap water
. Tniple nnse the item 1n tap water
. Equpment may now either be wrapped in plastic to prevent cross-contamination

62.1

or be reused immediately

Substances removed during the contamination reduction process shall be handled as described 1n
SOP FO 7, Handling of Decontamination Water and Wash Water, SOP FO 8, Handling of Drilling
Fluids and Cuttings, and SOP FO 10 Receiving, Labeling, and Handling Waste Containers.

Prework Activities

Limiting the amount of surfaces exposed to potential contammation 1s an effective method of
reducing contamination The following steps will be taken each time heavy equipment 1s to be used

in any manner that has potential for resulting 1n the equipment becoming contaminated

Once an item of heavy equipment has been taken into a potentially contaminated area, 1t wall not
normally be removed from the work area until all work that requures the presence of the equipment
has been completed Therefore care should be taken to ensure that fuel, oil, hydrauhc flud, and
lubricant reservours are filled prior to entering the work area For example, if "X" amount of
monitoring wells are to be constructed within a given work area, then the dnll ng being used will
not leave the area until all drilhng has been completed Of course, augers and other like items will
have to be decontaminated between bore holes In order to reduce the potential for contamination
of internal operating parts, heavy equipment will be removed from potentially contaminated areas
and decontaminated if it becomes necessary to perform any maintenance on the equipment that may

result in contamination of internal operating parts

(4011 REV)(FOSREV 1)(06/07/9] 3 33pm)




HEAVY EQUIPMENT DECONTAMINATION

EG&G ROCKY FLATS PLANT Manual 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No: FO 4, Rev 1
Page: 14 of 21
Effective Date June 10, 1991
Category 2 Orgamization: Environmental Management

63

If an enclosed cab 1s present, it will be lined with plastic sheeting As a mimmum, the seat(s) and

floor will be covered, and the sheeting secured 1n such a manner that 1t will not become dislodged

during routine use

After arriving at a work site, any compartments, tool boxes, and enclosed cabs shall be sealed by
closing the doors and windows when such fixtures are present and sealing the seams around such

fixtures with tape

When at the work site, any fuel, oil, or hydraulic flmd fill ports and air cleaners will be sealed 1n
a manner that blocks the entrance of dusts that may be radiologically contaminated unless to do so

would disable a power system required to complete the field work
CONTAMINATION MONITORING

Monitoring for potential VOC contamination and potential radiological contamination will be
conducted on all heavy equpment used inside work areas characterized as potentially contaminated
and on all heavy equipment used inside work areas characterized as not potentially contaminated
but where environmental monitoring conducted as work progresses indicates the presence of

contamination

EG&G RPTs or RPT designated representatives will screen all equipment and personnel leaving
the work area to ensure that no radioactively contaminated matenals leave the work area. The
RPT will use procedures established m EG&G Radiological Operation Instruction (ROI) 31,

Performance of Surface Contamination Surveys

The subcontractor’s health and safety representative assigned to the field team will momitor all
personnel and equipment to ensure that no matenals grossly contammated with VOCs leave the

area

(4011 REV)(FO4REV 1)(06/07/91 3.33pm)




HEAVY EQUIPMENT DECONTAMINATION

EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No FO 4, Rev. 1
Page- 15 of 21
Effective Date June 10, 1991
Category 2 Organmization: Environmental Management

64

6.5

Special attention shall be devoted to tires, tracks, and any other surfaces that have been in direct
contact with the environmental media being investigated or that have been n direct contact with
other items of equipment or personnel that have been 1n direct contact with the environmental
media being mvestigated Speaal attention shall also be devoted to any surfaces where

accumulations of the environmental media being mvestigated exist
MOVEMENT OF CONTAMINATED HEAVY EQUIPMENT

A trailer will be required to move equipment to a central decontamination station if contamination
momitoring indicates contamination on surfaces such as tires or tracks or any other item which may
contact the ground or become dislodged when the equipment 1s moved. Any trailer used to move
heavy equipment to a central decontamination station will be decontaminated and the effectiveness

of decontamination verified in the same manner as the equipment it was used to move

Following field contamination reduction, equipment surface areas remaining contammated shall be
covered with plastic sheeting prior to the equipment departing the exclusion zone Edges of the

sheeting will be held in place by duct tape or a similar type tape

Contaminated heavy equipment will not be moved at speeds greater than 5 miles per hour Heavy
equipment will not be moved over paved roads during the hours of peak traffic flow, such as the
beginning or end of the work day

CENTRAL DECONTAMINATION STATION

The central decontamination station 1s located adjacent to and south of the 903 Pad Information
regarding the configuration, operation, and maintenance of the central decontamination station has
been prepared and may be found in SOP FO 12, Decontammnation Facility Operations The

following procedures are presented in the chronological order in which they should normally occur

(4011 REV)(FOIREV 1)(06/07/91 3.33pm)
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6.5.1  Predecontamination Procedures

Review Form FO4A, Heavy Equipment Decontammation Checkhst and Record to
determine the level of PPE required by the apphcable site-specific health and safety plan

and the correct decontamination procedure

Estabhsh a personnel decontamination hne as described n the apphcable site-speafic

health and safety plan

Personal protective equipment (PPE) will be used as required in the apphcable Health and
Safety Plan

Upon arnival at the MDF, the equipment to be decontammated and any accompanying
waste contaners will be set on the ground at locations that will permit one item or group
of similar items at a time to be placed within the screened-in portion of the MDF

If radiological monitoring during the contamination reduction process documented the
suspected presence of radioactive substances that could not be removed during the
contamination reduction process, arrangements will be made for an EG&G RPT or RPT

designated representative to verify the effectiveness of decontamination

Areas that have been sealed against exposure to the environment as required by this SOP,
(due to the suspected presence of contamination that could not be removed during the
contamination reduction process at the work area) will be clearly marked so that the area

can be 1dentified and monitored

Surfaces suspected of having tightly bound contamination that could not be removed during
the contamination reduction process will be decontaminated first Procedures specified 1in

this SOP will be followed The MDF user will use an OVD or radiation monttor as

(4011 REV)(FO4REV 1)(06/07/91 3.33pm)
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appropnate to screen the surfaces suspected of having had tightly bound contammation
If the screening indicates the contamination has been removed, the equipment will be
moved out of the MDF and returned to service only if the type of contamination that had
previously been suspected was organic contamimnation If the presence of radioactive
contamination was suspected, the equipment will be moved out of the MDF, parked
nearby, and held out of service until venfication of decontamnation as descnibed m

Subsection 6 4 1, Verification of Decontamination, has occurred

. Venfication of effectiveness of decontamination 1s not required for heavy equipment
surfaces that were found to be contaminant free by momtoring at the work area conducted
as part of the contamination reduction process

652  Decontamination Procedures

. Enclosed cabs
- Remove plastic hming/covers and dispose as contaminated waste
- Wipe down interior surfaces

- Use a brush to apply a detergent and water solution to the floor

- A low-pressure water hose should be used to flush the detergent and water

solution from the cab

- Seal the cab by closing doors, windows, and vents

(4011 REV)(FO4REV 1){06/07/91 333pm)
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Engine compartments

Although engines should not normally become contaminated, the engine area will

be visually inspected for signs (e g, mud splashes) of potential contamiation

Any dry ar filters servicing equpment used 1n a solid waste management umit will

be removed and handled as radiologically contaminated waste

If there are not any signs of contamination, the compartment should be left as 1s

and sealed during decontamination of exterior surfaces

If there appears to be contamination present, someone famihiar with the engine
will employ the procedures for decontammating extenor surfaces while avoiding
damage to moisture-sensitive engine components Moisture-sensitive components
may be covered with plastic during engine decontamnation The components will
then be hand wiped with disposable moistened towels, following general engine

decontamination

Following engine decontamination, the engine compartment should be sealed

during decontamination of exterior surfaces

Exterior surfaces including trailers used to move equipment to the decontamination station

Inspect equipment and trailers for obvious accumulation of contaminated media
that can be easily dislodged by physical means (see Subsection 6 2, Contamnation
Reduction 1n the Field)

Use a pressunized detergent and water solution, followed by a pressurized potable

waler rinse

(4011 REV)(FOSREV 1)(06/07/91 3 33pm)
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. Stand upwind/crosswind of the surface being decontaminated If necessary the equipment

will be reonented mside the decontamination station to allow an upwmnd or crosswind

position, or hand brushing will be used to complete decontamination

. Start at the uppermost surface and work downward including the underside of the
equipment
. Pay particular attention to areas such as tires that came nto contact with a potentially

contammnated media and areas that show visual signs of contamination such as mud

splashes on the inside of fenders or accumulations of water 1n a bed

) Move the equipment and decontaminate the equipment surfaces that have been 1n contact

with the decontamination station floor.

. Arrange for an EG&G RPT or RPT designated representative to conduct a smear test as
described 1n ROI 3 1, Performance to Surface Contamnation Surveys, to verify removal of
radiological contamination if such contamination had been noted on the Form FO 4A when
the equipment arrnived Repeat the decontammation procedures for exterior surfaces if
radiological contamination 1s found and then repeat the monitoring If contamination 1s
still present after completing the second decontamination procedure, contact the

appropriate EG&G Construction Manager
. Equipment
- Items which come nto direct contact with environmental samples collected for

laboratory analysis will be decontaminated as descnbed in SOP FO.3, General

Equipment Decontamination  Examples of such items are sample contamers

(4011 REV)(FO4REV 1)(06/07/91 3 33pm)
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- Equipment used nside contaminated activity areas but that do not directly contact
samples will be decontaminated by a pressurized detergent and water solution
followed by a pressurized potable water rinse Examples of such items include
augers, drilhng rods, and any hand tools used dunng dnlling Decontammation

will be verified as described 1n Subsection 6 4.3, Post Decontamination Procedures

653 Post Decontamination Procedures

Equpment surfaces that could not be decontaminated 1n the field during contamnation
reduction activities will undergo venfication of decontamimnation at the MDF  Venfication
of organic decontamination will be accomphshed with an OVD by the MDF user
responsible for decontammating the equipment Verification of radiological
decontammation will be accomplished by an EG&G RPT or RPT designated representative
using the instruments and techmques speafied n ROI 31, Performance of Surface

Contamination Surveys

Decontammate brushes and other reusable items of decontammation equipment as

described in SOP FO.3, General Equipment Decontamination

Complete personal decontamination as described m the applicable site-speafic health and

safety plan

Document decontammnation using Form FO 4A, Heavy Equipment Decontamination

Record

SOP FO 7, Handling of Decontamination Washwater, provides pertinent gmidance which
should be followed

(4011 REV)(FO4REV 1)(06/07/91 3.33pm)
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7.0 DOCUMENTATION

Form FO 4A, Heavy Equipment Decontammnation Record, shall be used to document information
required by this SOP Completed forms will be maimntained as part of the project files Sections
I and II of the form wil be completed by the person dehvering heavy equipment for
decontammation  Sections III, IV, and V will be completed by the person conducting the

decontamination operation

(4011 REV)(FO4REV 1)(06/07/91 3.33pm)
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APPENDIX FOM4A

TABLE FO 4-A1
ROCKY FLATS PLANT
INDIVIDUAL HAZARDOUS SUBSTANCE SITES

REF. NO. SITE NAME
101 207 SOLAR EVAPORATION PONDS
102 OIL SLUDGE PIT
103 CHEMICAL BURIAL
104 LIQUID DUMPING
105 OUT-OF-SERVICE FUEL TANKS
1051 - WESTERNMOST TANK
1052 - EASTERNMOST TANK
106 OUTFALL
107 HILLSIDE OIL LEAK
108 TRENCH T-1
109 TRENCH T-2
110 TRENCH T-3
TRENCHES T-4 TO T-11
1111 TRENCH T-4
1112 TRENCH T-5
1113 TRENCH T-6
1114 TRENCH T-7
111.5 TRENCH T-8
1116 TRENCH T-9
1117 TRENCH T-10
1118 TRENCH T-11
112 903 DRUM STORAGE AREA
113 MOUND AREA
114 PRESENT LANDFILL
115 ORIGINAL LANDFILL
116 MULTIPLE SOLVENT SPILLS

1161 WEST LOADING DOCK AREA
1162 SOUTH LOADING DOCK AREA

Note This information 1s based on the administrative record including the information submitted 1n the

hazardous and low-level mixed waste Part B application dated November 1, 1985, as modified by the
subsequent revision dated November 28, 1986, as modified by the subsequent revision dated
December 15, 1987, and the transuramc mixed waste Part B apphcation submitted July 1, 1988,
Thereafter referred to as the applications This information 1s also based on independent review of
historical aeral photographs of the facility and independent review of facihty submuittals

(4011 REV)(FO4REV 1)(6/11/91) Page A-1 of A-6




Table FO 4-A1 (cont )
INDIVIDUAL HAZARDQUS SUBSTANCE SITES

REF NO, SITE NAME
117 CHEMICAL STORAGE

1171 NORTH SITE
1172 MIDDLE SITE
117.3 SOUTH SITE
118 MULTIPLE SOLVENT SPILLS
1181 WEST OF BUILDING 731
118 2- SOUTH END OF BUILDING 776
119 MULTIPLE SOLVENT SPILLS
1191 WEST AREA
1192 EAST AREA
120 FIBERGLASSING AREAS
1201 NORTH OF BUILDING 664
120 2. WEST OF BUILDING 664

121 ORIGINAL PROCESS WASTE LINES
122 UNDERGROUND CONCRETE TANK
123 VALVE VAULT 7
123 1- VALVE VAULT 7
4,000 GALLON TANK #67)
125 HOLDING TANK
126 OUT-OF-SERVICE PROCESS WASTE TANKS

126 1. WESTERNMOST TANK

126 2. EASTERNMOST TANK

127 LOW-LEVEL RADIOACTIVE WASTE LEAK
128 OIL BURN PIT NO 1

129 OIL LEAK

130 RADIOACTIVE SITE - 800 AREA SITE #1
131 RADIOACTIVE SITE - 700 AREA SITE $1
132 RADIOACTIVE SITE - 700 AREA SITE #4
133 ASH PITS

133 1.ASH PIT 1-1
1332 ASH PIT 1-2
1333 ASH PIT 1-3
1334 ASH PIT 1-4
133 5 INCINERATOR
133 6 CONCRETE WASH PAD
134 LITHIUM METAL DESTRUCTION SITE

(4011 REV)(FO4RLV 1)(6/11/91)
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REF NO

135
136

137
138
139

140
141
142

141
142

143
144
145
146

Table FO 4-A1 (cont )
INDIVIDUAL HAZARDOUS SUBSTANCE SITES

SITE NAME

COOLING TOWER BLOWDOWN
COOLING TOWER PONDS

1361 NORTHEAST CORNER OF BUILDING 460

1362 WEST OF BUILDING 460

1363 S OF BLDG 460, W OF BLDG 444
COOLING TOWER BLOWDOWN - BLDG 774
COOLING TOWER BLOWDOWN - BLDG 779
CAUSTIC/ACID SPILLS

1391 HYDROXIDE TANK AREA

139 2. HYDROFLUORIC ACID TANKS
REACTIVE METAL DESTRUCTION SITE
SLUDGE DISPERSAL
RETENTION PONDS (A,B,C-SERIES)

1421 A-1 POND

METAL DESTRUCTION SITE
SLUDGE DISPERSAL
RETENTION PONDS (A,B,C-SERIES)

1421 A-1 POND

1422 A-2 POND

1423 A-3 POND

1424 A-4 POND

1425 B-1 POND

1426 B-2 POND

1427 B-3 POND

1428 B-4 POND

1429 B-5 POND

14210 C-1 POND

14211 C-2 POND

142 12 NEWLY IDENTIFIED A-5 POND
OLD OUTFALL
SEWER LINE BREAK
SANITARY WASTE LINE LEAK
CONCRETE PROCESS WASTE TANKS

1461 7,500 GALLON TANK (#31)

1462 7,500 GALLON TANK (432)

1463 7,500 GALLON TANK (*34W)

1464 7,500 GALLON TANK (#34E)

146 5 3,750 GALLON TANK (*30)

1466 3,750 GALLON TANK (#33)

(4011 REV)(FO4REV 1)(6/11/91)
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Table FO 4-A1 (cont )
INDIVIDUAL HAZARDOUS SUBSTANCE SITES

REF NO SITE NAME

147 PROCESS WASTE LEAKS 1471 MAAS AREA
1472 OWEN AREA

148 WASTE SPILLS

149 EFFLUENT PIPE

150 RADIOACTIVE LIQUID LEAKS (8)

1501 NORTH OF BUILDING 771

1502 WEST OF BUILDING 771

1503 BETWEEN BUILDINGS 771 ant 774
1504 EAST OF BUILDING 750

150 5 WEST OF BUILDING 707

1506 SOUTH OF BUILDING 779

1507 SOUTH OF BUILDING 776

150 8 NORTHEAST OF BUILDING 770

151 FUEL OIL LEAK

152 FUEL OIL TANK

153 OIL BURN PIT NO 2

154 PALLET BURN SITE

155 903 LIP AREA

156 RADIOACTIVE SOIL BURIAL

156 1 BUILDING 334 PARKING LOT
156 2. SOIL DUMP AREA
157 RADIOACTIVE SITE
157.1' NORTH AREA
157.2: SOUTH AREA

158 RADIOACTIVE SITE - BLDG 551
159 RADIOACTIVE SITE - BLDG 559
160 RADIOACTIVE SITE - BLDG 444 PK LOT
161 RADIOACTIVE SITE - BLDG 664
162 RADIOACTIVE SITE - 700 AREA SITE #2
163 RADIOACTIVE SITE - 700 AREA SITE #3

1631 WASH AREA
1632 BURIED SLAB
164 RADIOACTIVE SITE - 800 AREA SITE #2
1641 CONCRETE SLAB
164 2 BUILDING 886 SPILLS
1643 BUILDING 889 STORAGE PAD
165 TRIANGLE AREA

(4011 REV)(FO4REV 1)(6/11/91)
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REF NO

166

167

168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197

(3011 REV){FOSREV 1)(6/11/91)

TABLE FO 4-A1l (cont )
INDIVIDUAL HAZARDOUS SUBSTANCE SITES

SITE NAME

TRENCHES
1661 TRENCH A
1662 TRENCH B
1663 TRENCH C
SPRAY FIELDS - THREE SITES
1671 NORTH AREA
1672 POND AREA
1673 SOUTH AREA
WEST SPRAY FIELD
WASTE DRUM PEROXIDE BURIAL
PU& D STORAGE YARD - WASTE SPILLS
SOLVENT BURNING GROUND
CENTRAL AVENUE WASTE SPILL
RADIOACTIVE SITE - 900 AREA
PU &D CONTAINER STORAGE FACILITIES (2)
S&W BLDG 980 CONTAINER STORAGE FACILITY
S&W CONTRACTOR STORAGE YARD
BUILDING 885 DRUM STORAGE AREA
BUILDING 881 DRUM STORAGE AREA
BUILDING 865 DRUM STORAGE AREA
BUILDING 883 DRUM STORAGE AREA
BUILDING 334 CARGO CONTAINER AREA
BUILDING 444/453 DRUM STORAGE AREA
GAS DETOXIFICATION AREA
BUILDING 991 STEAM CLEANING AREA
SOLVENT SPILL
VALVE VAULT 12
ACID LEAKS (2)
ACID LEAK
MULTIPLE ACID SPILLS
CAUSTIC LEAK
HYDROGEN PEROXIDE SPILL
ANTIFREEZE DISCHARGE
STEAM CONDENSATE LEAK
STEAM CONDENSATE LEAK
NICKEL CARBONYL DISPOSAL
WATER TREATMENT PLANT BACKWASH POND
SCRAP METAL SITES
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REF NO

198
199

201
202
203

Z2EIRER

210
211
212
213

. 214

215

216

217

(4011 REV)(FO4REV 1)(6/11/91)

TABLE FO 4-A1 (cont)
INDIVIDUAL HAZARDOUS SUBSTANCE SITES

SITE NAME

VOCs IN GROUND WATER

CONTAMINATION OF THE LAND SURFACE

GREAT WESTERN RESERVOIR

STANDLEY RESERVOIR

MOWER RESERVOIR

INACTIVE HAZARDOUS WASTE STORAGE AREA
ORIGINAL URANIUM CHIP ROASTER

BLDG 460 SUMP 43 ACID SIDE

INACTIVE D-836 HAZARDOUS WASTE TANK
INACTIVE 444 ACID DUMPSTER

INACTIVE 444/447 WASTE STORAGE AREA
SURFACE DISTURBANCE SOUTHEAST OF BLDG 881
UNIT 16, BUILDING 980 CARGO CONTAINER

UNIT 26, BUILDING 881 DRUM STORAGE

UNIT 63, BUILDING 371 DRUM STORAGE

UNIT 15, 904 PAD PONDCRETE STORAGE

UNIT 25, 750 PAD PONDCRETE AND SALTCRETE STORAGE

UNITS 55 13, 55 14, 55.15, 55 16 -
TANKS T-40, T-66, T-67, T-68
EAST SPRAY FIELDS
2161 NORTH AREA
2162 CENTER AREA
2163 SOUTH AREA
UNIT 32, BUILDING 881, CN- BENCH SCALE TREATMENT
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U S DEPARTMENT OF ENERGY ROCKY FLATS Form FO4A

I

Page 1 of 3
HEAVY EQUIPMENT DECONTAMINATION/WASH CHECKLIST AND RECORD

General Information (completed by )
name date phone no

Subcontractor’s Name

NOTE Sections I and II will be completed by the same individual

I

Vehicle Manufacturer, Model and Common Name

Equipment Owner

Name and Phone Number of Person Responsible for the Equipment
Serial Number/Vehicle Identification Number (VIN)

Delivered to Decontamination Station by

Imtial contaminate charactenzation of activity area

Equipment dehvered to Central Decontamination Station on a trailer due to VOC or radiological
contamination Yes No

Were areas found to be contaminated covered with plastic sheeting taped n-place pnior to
movement? Yes No No contamimation present

Exposure History

Where was equipment used?

What was equpment used for?
Did venfied environmental monitoring indicate the presence of contamination? __ Yes __ No

Name of person who accomplished environmental radiological momitoring in the field

Name Date Phone No Employer’s Name

Results of Radiological monitoring of equipment after final contamnation reduction i the field
None detected

Less than 250 cpm - Specify measured cpm ___

Greater than 250 cpm - Speafy measured cpm ____

If areas of measurable alpha radiation were found, clearly identify those areas by providing both a
written description sufficient to enable a second party to locate the area and include a sketch of the area
showing 1its location in relation to major components of the equipment being decontaminated

(4011 REV)(FO4REV 1)(06/07/91 333pm)
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Results of VOC monitoring after final contamnation reduction 1 the field
VOC:s at background levels
VOCs greater than background

Actions At Central Decontamination Station

Yes No

— —

The equipment was washed under the provisions of SOP No FO 4, Heavy Equipment
Decontamination, Subsection 6 1

Personnel Decontammation Station established as described in the applicable site-
specific health and safety plan

Personal protective equpment (PPE) selected based upon results of radiological
monitoring

Speafy PPE level utihzed Level B Level C Level D

PPE inspected prior to donning

Wind direction checked prior to using pressurized spray (circle the direction the wind
was blowing from)

N NE E SE § SW W NW

Enclosed cab present and decontammated

Engine compartment inspected and decontaminated as required

Were decontamination and rinse operations started at the uppermost surfaces?

Was particular attention devoted to areas such as tires that contacted a potentially
contammnated medium and to areas identified as having a measurable level of alpha
radiation?

Was the equipment moved to decontaminate surfaces that had been in contact with
the decontamination station floor?

Was equipment used to decontaminate the heavy equipment decontaminated as
described in SOP FO.3, General Equpment Decontamination?

Was personal decontamiation completed as described 1n the applicable site-speafic
health and safety plan?

Equpment Momtoring to Venify Removal of Contammation

Name of EG&G RPT or RPT designated representative conducting smear test as described m ROI 3 1,

Performance of Surface Contamination Surveys
(Name) (Date) (Phone No)

Results of smear test

(4011 REV){POSREV 1)(06/07/91 3.33pm)




Name of person conducting VOC monttoring

Form FO 4
Page 3 of 3

(Name) (Date) (Phone No) (Subcontractor’s Name)

Results of VOC momtoring

V Follow-up Decontamination
Not Required

Required for the following area/surfaces

Results of follow-up smear test

Decontamination completed

Decontamination ncomplete and EG&G Construction Manager notified
( )
Name Date Phone No

(4011 REV)(FO4REV 1)(06/07/91 3 33pm)
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Page: 20of8
Effective Date June 10, 1991
Category 2 Organization® Environmental Management
20 PURPOSE AND SCOPE
Ths standard operating procedure (SOP) describes the procedures that wall be used for contaiming,
moving, and emptying wastewater generated during well development at the Rocky Flats Plant
(RFP)
3.0 RESPONSIBILITIES AND QUALIFICATIONS

Personnel using hght or heavy equipment, scientific monitoring devices, or operating company

vehicles must have appropriate traiming and/or licenses

The subcontractor’s site manager 1s responsible for coordinating the removal and transfer of all

environmental matenals from the project work area

The subcontractor 1s also responsible for moving purge and development water to holding tanks

located at the central EG&G decontamination facihity

It 1s the subcontractor’s site manager’s responsibility to report as soon as possible to the EG&G
project manager or a designated EG&G representative any damage mcurred to a drum  Types of
damage include holes, damage to the hd seal, or any other problem that may compromise drum

mtegnty Damaged drums must have their contents transferred to an undamaged drum

The subcontractor’s site manager will assign personnel to conduct weekly inspections of all the
drums 1ssued to the subcontractor until relinquished to EG&G These mnspections will ensure that

drum integrity 1s maintained

EG&G’s Radiation Protection Techmcians (RPTs) or RPT designated representatives are
responstble for conducting radiation screenings of equipment, samples, and personnel before they

leave the work area

(4011 REV)(FOSREYV 1)(07/01/91)
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Category 2 Orgamzation Environmental Management

EG&G’s Waste Operations personnel are responsible for the collection, movement, storage,

treatment, and disposal of environmental hquids from the main decontamination facility
40 REFERENCES
41 SOURCE REFERENCES

The following 1s a hst of references reviewed prior to the wniing of this procedure

EG&G Polcaes Rocky Flats Plant Use and Color Coding of Drums RFPM MAT 20-005
November 3, 1989

‘ Environmental Protection Agency (EPA). A Compendium of Superfund Field Operations Methods
EPA/540/P-87/001 December 1987

RCRA Faahty Investigation Guidance Interim Final May 1989

42 INTERNAL REFERENCES

Related SOPs cross-referenced 1n this SOP are

; . SOP FO 3, General Equipment Decontamination

| . SOP FO 7, Handhng of Decontamination Water and Wash Water
. SOP FO 8, Handling of Drilling Fluids and Cuttings
. SOP FO 10, Receiving, Labehng, and Handhng Environmental Matenals

Containers
. SOP FO 12, Decontamination Facility Operations
. SOP FO 15, Use of PIDs and FIDs
' . SOP FO 16, Field Radiological Measurements

(4011 REV)(FOSREV 1)(07/02/91)
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Page. 40f 8
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5.0 EQUIPMENT

51 EQUIPMENT NEEDED TO HANDLE PURGE AND DEVELOPMENT WATER

The following 1s a hst of equpment needed for the proper handling of purge and development

water
. 55-gallon, open top (removable top), gray drums or hiquid containers appropriately
sized for the task
. Hand, electric, or gas powered pumps
‘ . An organic vapor detector (OVD)
. A field radiation monttor

. Shovel (scoop type)

| . Clear plastic sheeting for placing around the well head to prevent cross

contamination of the surface

. Splash protective and personal protective equipment as required by the site-
specific Health and Safety Plan

(4011 REVY(FOSREV.1)(07/01/91)
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6.9

HANDLING OF PURGE AND DEVELOPMENT WATER

Water used during the development of an environmental monitoring well 1s considered purge and
development water Monitoring well development 1s the process by which the drilling fluids and
mobile particulates are removed from within and adjacent to newly installed wells This process can

also be used to remove sediment or other built-up matenals from older wells

Each project work area will be characterized by EG&G pnior to any field acvity Work arca
characterizations will be based on the historical background of the work area and include the
chemacal results of previous soil and groundwater analyses and the results of field radiological
surveys conducted by EG&G RPTs or RPT designated representatives Work areas associated with
the Environmental Management (EM) program field operations fall into two characterizations
potentially contaminated and not potentially contaminated Work areas currently characterized as

potentially contaminated include the following

. Individual Hazardous Substance Sites (THSSs)

. Identified Groundwater Plume Areas

. Americium Zone at OU No 2

. Surface water and sediment sampling stations that have not been verified as

background locations

See SOP FO 10, Receiving, Labehng, and Handling Environmental Materials Containers for specific
work areas currently characterized as potentially contammated Appendix A (SOP FO 10) 1s a hst
of the THSSs at RFP

Sohd environmental matenals generated during EM field operations will be containerized as they
are generated in 55-gallon gray drums until associated samples are charactenized Environmental
hquids will be moved to holding tanks located at the main decontamination facility (see SOP FO 12,

Decontammation Facility Operations) The use of field monttors, including an OVD and radiation

(4011 REV)(FOSREV 1)(07/01/91)
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montor, for the detection of volatile organics and radionuchides 1s discussed in SOPs FO 8,
Handling of Drilling Fluids and Cuttings, FO 15, Use of Photoiomizing Detectors and Flame Iomzing
Detectors, and FO 16, Ficld Radiological Instruments

The types of contamination which may be encountered within potentially contaminated work areas

include the following
. Low-level radioactively contamnated substances
. Nonradioactive RCRA-regulated hazardous (hazardous) substances
. Muxed (low-level radioactive and hazardous substances)

Regardless of the work area characterization, all purge and development water will be placed in the
hquid holding tanks at the main decontamination facihty In the field, the purge and development
water will be temporanly stored in 55-gallon, open top, gray drums or appropnately sized
containers  Liqmd containers will be marked with the words "NONPOTABLE PENDING
ANALYSIS" as descibed m SOP FO 10, Recewving, Labehng, and Handhing Environmental
Matenals Contamners Field personnel should decant the environmental hquids from one drum (or
contamer) to another (or from a trough to a drum or transfer contamer) prior to moving if the
amount of sludge or sediment within the environmental liquids 1s substantial The residual sediment
will be drummed as sohd environmental matenals (see SOP FO 8, Handling of Driling Flmds and
Cuttings) Characterization will be based on analytical results of the samples corresponding to the

cuttings associated with the dnill site

The hiquid containers will be moved to EG&G’s main decontamination facility by the subcontractor
The decontamination facility will have an area speaifically designed for environmental hquid The
environmental hquds area includes a process for separating solids from the liquds The
subcontractor will empty the entire contaner’s contents into this environmental liquids area (See
SOP FO 12, Decontamination Facihty Operations, for details pertaining to the environmental liquids

area)

(4011 REV)(FOSREV 1)(07/02/91)
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8.0

8.1

The hqud contaners will be decontaminated between each use If gray drums are used, pertinent
information regarding the use of gray drums will be documented on the Drum Field Log Form
(Form FO 10A, se¢ Section 8 0 - Documentation)

The drums contamning residual sediment will be brought to the drum transfer area at the mamn

decontamination facility and transferred to the custody of EG&G Waste Operations personnel
Environmental hquid contamers will be decontaminated between each use

DECONTAMINATION

Equpment used for the development of a monitoring well located within a potentially contamnated
work area will be decontaminated according to SOP FO.3, General Equipment Decontamination
If posttive readings above background were detected during field monitoring within not potentially
contaminated work areas, equpment will be decontaminated according to SOP FO.3

In not potentially contaminated work areas, where no verified detections were encountered during

field momtoring, the equipment used will be power sprayed and rinsed

Decontammnation and wash water will be disposed according to SOP FO 7, Handhng of

Decontamimnation Water and Wash Water

DOCUMENTATION

DRUM FIELD LOG FORM

A Drum Field Log Form (Form FO 10A) wil be kept on each gray drum used to move

environmental hquids The Drum Field Log Form will be used as a "cradle to grave” record The

following information will be documented on the form

(4011 REV)(FOSREV 1)(07/02/91)
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Drum ID Number

Date of 1ssuance

Location n field

Contents

Fill date

Date of decontamination and location
Date returned to EG&G

Entries made on the Drum Field Log Form may be supported with entries 1n a field logbook

(4011 REV)(FOSREV 1)(67/01/91)
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20 PURPOSE AND SCOPE
The waste generated from Environmental Management (EM) ficld activitics will be handled mn
accordance with the Rocky Flats Plant (RFP) waste management program This standard operating
procedure (SOP) describes procedures that will be used by subcontractors at RFP to handle waste
personal protective equipment (PPE) These procedures are intended to be sufficiently detailed so that
conformance with them wll result 1n relhiable handling and management of PPE used during EM field
activities
3.0 RESPONSIBILITIES AND QUALIFICATIONS

Personnel using light or heavy equipment, scientific monitoring devices, or operating company vehicles

must have appropniate tramng or licenses

The subcontractor’s site manager 1s responsible for coordmnating the removal and transfer of all wastes

from the project work area

The subcontractor 1s responsible for drumming PPE suspected of containing radioactive and/or
hazardous substances Drums contaimng PPE will be transferred to the custody of EG&G Waste
Operations personnel only after the drum contents have been characterized Characterization will be

based on analytical results of the samples corresponding to the cuttings associated with the drill site

It 1s the subcontractor’s site manager’s responsibility to report as soon as possible to the EG&G project
manager or a designated EG&G representative any damage incurred to a drum  Types of damage
mclude holes, damage to the hd seal, or any other problem that may compromise drum mtegnty

Damaged drums must have their contents transferred to an undamaged drum or be overpacked

The subcontractor’s site manager will assign personnel to conduct monthly inspections of all the drums
1ssued to the subcontractor until relinquished to EG&G  These inspections will ensure that drum

integrity 1s maintained

(4011 REV)(FOGREV 1)(06-10-91)
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EG&G’s Radiation Protection Technicians (RPTs) or RPT designated representatives are responsible
for conducting radiation screenings of equipment, samples, and personnel before they leave potentially

contaminated work areas

EG&G’s Waste Operations personnel are responsible for the collection, movement, storage, treatment,

and disposal of solid wastes from the drum transfer area
4.0 REFERENCES
41 SOURCE REFERENCES

The following 1s a hst of references reviewed prior to the writing of this procedure

A Compendiym of Superfund Ficld Operations Methods EPA/540/P-87/001 December 1987.

Rockwell International Pohcies Rocky Flats Plant, Use and Color Coding of Drums RFPM MAT 20-

005 November 3, 1989
42 INTERNAL REFERENCES

Related SOPs cross-referenced by this SOP are as follows:

. SOP FO 10, Receiving, Labehng, and Handling Waste Containers

. SOP FO 2, Field Documentation

. SOP FO 8, Handling of Drilling Flurds and Cuttings

. SOP FO 12, Decontamination Facility Operations

. SOP FO 15, Use of Photoiomzing Detectors and Flame Iomzing Detectors
. SOP FO 16, Field Radiological Measurements

(401} REV)(FOSREV 1)(06-10-91)
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50 EQUIPMENT
The following items will be required during most operations that generate potentially contamimated PPE

. Appropriate 55-gallon drums as described in SOP FO 10, Receving, Labeling, and
Handling Waste Containers

. Paint stick for marking drums

. Tools for opening and sealing open-top 55-gallon drums with a clamp-type sealing
band

. Pallets or other method of ensuring that drums do not rest on the ground surface

o Opaque, weather-proof sheeting

. Plastic/nylon banding to secure plastic sheeting on the drums

. Large plastic garbage bags

6.0 PROCEDURES FOR HANDLING OF PERSONAL PROTECTIVE EQUIPMENT

Each project work area will be characterized by EG&G prior to any field acivity Work area
charactenizations will be based on the historical background of the work area and include the chemical
results of previous soil and groundwater analyses and the results of field radiological surveys conducted
by EG&G RPTs or RPT designated representatives Work areas associated with the EM program field
operations fall into two characterizations. potentially contaminated and not potentially contaminated

Work areas currently characterized as potentially contaminated include the following

(4011 REV)(FOSREV 1)(06-10-91)
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. Indvidual Hazardous Substance Sites (IHSSs)
. Identified Groundwater Plume Areas
. Amencium Zone at OU No 2
. Surface water and sediment sampling stations that have not been verified as

background locations

Other potentially contaminated work areas where groundwater plumes have been identified will be
specified 1n the apphcable work plans, as appropriate  SOP FO 10, Recemving, Labeling, and Handling
Waste Containers, hists the THSS work areas at RFP and illustrates the 1dent:ified groundwater plume
areas and the americium area at OU No 2. It also hsts the surface water and sediment stations that
have been venfied as background stations as of December 1990 Other surface and sediment samphng
stations will be added to this hist as they become verified as background stations Unless speaified in
. the individual project work plans, all other work areas will be considered potentially contaminated

PPE gencrated during EM ficld operations will be handled depending on the work area charactenization
and the results of field monitoring performed during intrusive activities  The use of field montors for
the detection of volatile organics and low-level radioactively contaminated substances is discussed in SOP
FO 15, Use of Photoiomzation Detectors and Flame Iomzation Detectors, and SOP FO.16, Field
Radiological Instruments

The subcontractor’s site manager 1s responsible for implementing waste management procedures

established by this SOP and procedures referenced in this SOP

These duties include

. Consulting with the EG&G EM project manager to resolve any questions concerning

the characterization of a work area

‘ . Arranging for the pickup of gray drums

(4011 REV)(FOSREV 1)(06-10-91)
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. Ensuring that potentially contaminated PPE 1s not commungled 1in a drum with sohd

wastes
. Ensuring all documentation and drum markings are completed properly and that a

61

“cradle-to-grave” system of drum tracking 1s mantained (see SOP FO 10, Recewving,

Labeling, and Handling Waste Containers)
. Conducting monthly mspections of all drums 1ssued to the subcontractor
. Arranging for the transfer of drums to EG&G
PERSONAL PROTECTIVE EQUIPMENT

PPE 1s generally defined as clothing or equipment required to be worn by the site-specific Health and
Safety Plan (HSP) in order to hmit worker’s exposure to physical, chemical or radiological health
hazards Any questions regarding whether a given item 1s considered to be PPE for the purposes of

waste disposal should be directed to the site safety officer

Potentially contaminated PPE 1s any PPE used in a work area characterized as potentially contaminated
or PPE used 1n a work area characterized as not contaminated but where a venfied positive reading was

encountered on either the OVD or field radiation monitor during imntrusive activities

In general, the site-specific HSP will describe the PPE to be worn, as well as methods of
decontaminating disposable and reusable PPE, such as respirators In general, garbage cans with plastic
hiners are prescribed for use in the personal decontamination hine to contamn discarded PPE  This SOP

provides procedures for handhing and disposing of disposable PPE

(4011 REV)(FOGREV 1)(06-1091)
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62 HANDLING OF PPE IN WORK AREAS CHARACTERIZED AS POTENTIALLY
CONTAMINATED

621 Temporary Sampling Sites

PPE used at temporary sampling sites in work areas characterized as potentially contaminated will be

considered potentially contaminated Workers will establish a personal decontamination hine 1n

accordance with the site-specific HSP and will place their PPE in containers while going through the

decontamination hine

The following procedures will be used to handle potentially contaminated PPE from contamers used in

a personal decontamination line

(4011 REVYFOSREV 1)(06-10-91)

If respiratory protection was required during the field activity, the last person through
the decontamination line will continue to wear the respiratory protection until removal

1s indicated mn these procedures

The last person will process through the decontamination line just as the preceding

workers

After all PPE items have been removed and placed in the waste contamer, the

container can be processed

The last worker will don a fresh pair of gloves before handling the plastic bags
contaiming PPE at the last decontamination station He will then remove the plastic
bags contamning the discarded PPE from the container, compress the bags m a
downwind direction, seal the compressed bags with duct tape, and return the bags to

the container from which they were taken
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While still wearing the respirator and the fresh pair of gloves, the worker will remove
the sealed plastic bags containing PPE from the containers along the decontamination

hne

Where possible, the mdividual bags of PPE will be combined 1n a single plastic bag,
sealed with duct tape, and marked with a waterproof marker If it 1s not possible to
combine individual bags into a single bag, each individual bag will be sealed and

marked

Marking for plastic bags will include the characters "PPE"; the ID number of the
waste drum n which 1t will be stored, the associated well, boring, or sampling number

and location, and the date.

The waste bags will be placed in a designated 55-galion drum n accordance with SOP
FO.10, Receving, Labeling, and Handling Waste Containers

In no mstance will an unmarked bag be placed 1n a drum

The respirator may be removed after all PPE waste bags have been placed m
appropnate drums. The respirator cartndges and gloves will also be removed and

placed inside an appropriate drum

Partially filled drums will be marked and taken to the temporary staging area at the

drum transfer area
Filled drums will be taken to the drum transfer area

For temporary samphing sites within an IHSS, the drum staging area will be centrally

located within the unnt
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63

Fixed Sample Sites for Site-Wide Programs

Procedures described 1n Subsection 621 for PPE removal, bagging, and marking will be followed to

handle potentially contaminated PPE used 1n work areas characterized as potentially contamnated
Procedures for staging the bags of potentially contaminated PPE are as follows

. Seal and mark bags of PPE and place bags mn a gray drum at the dnll site until

charactenized

. Drums wall be filled to a mimimum capacity of 90 percent prior to moving to the

transfer area

. The bags of PPE wll be placed 1n the appropnate colored 55-gallon drum and labeled
according to SOP FO 10, Receiving, Labeling, and Handling Waste Containers

HANDLING OF PPE IN WORK AREAS CHARACTERIZED AS NOT POTENTIALLY
CONTAMINATED

PPE will be considered uncontaminated if it was used 1n a work area characterized as not potentially

contaminated and field monitoring did not indicate the presence of potential contammation

Disposable PPE will normally be handled as ordinary waste Disposable PPE and uncontaminated
muscellaneous solid wastes will be placed i garbage cans hined with plastic bags at the work area
Marking 1s not required for bags of uncontaminated disposable PPE or bags of uncontaminated
miscellaneous sohd wastes When full, these plastic bags will be transferred to EG&G’s custody at

designated locations within the subcontractor’s work areas

The procedures for handling potentially contaminated PPE will be followed if either verified positive

field organic vapor monitoring or field radiation detection momtoring indicate potential contamnation

(4011 REV)(FOSREV 1)(06-10-91)
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70 DOCUMENTATION

A permanent record of the implementation of this SOP wall be kept by documenting ficld observations
and data Observations and data will be recorded on drum field log forms It 1s important to annotate
on the drum field log form all of the sample locations and sample numbers of the activities for which
these PPE were worn This information should be included in the space for intervals on the drum field
log form Subcontracting personnel may also choose to document the observations and data mn a
personal field notebook in addition to the field log forms If a field book 1s used, entries should be

made with a black waterproof ink pen The field notebook should be waterproofed and have

consecutively numbered pages

It 1s recommended that the subcontractor bring duplicate copies of the completed Drum Field Log Form
when transferring custody of waste drums to EG&G personnel Both copies should be signed by the
receiving EG&G representative  EG&G Waste Operations will retain one signed copy and the
subcontractor will retain the second signed copy in the project files

Additional guidance on completing documentation for the drums is found in SOP FO 10, Receving,

Labeling, and Handling Waste Containers.

Drum field log forms will be prepared for each drum contaiming PPE  Partial drums will be transferred

to the drum staging area until they can be filled and transferred at the drum transfer area to EG&G

Drum field log forms will be kept in the subcontractor’s project files until the project 1s completed All
project files will be turned over to EG&G at this tme (see SOP FO 2, Field Documentation)

Contammant Characterization Forms will be used for the characterization of PPE that has been
temporarily stored 1n gray drums until analytical results are received Upon receipt of the sample results
for all the samples taken while the PPE was worn and therefore associated with the contents of a drum,
the subcontractor will submit the drum 1dentification portion of the form along with the analytical results

to the EG&G project manager for characterization

(4011 REV)(FOGREV 1{06-10-91)
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20 PURPOSE AND SCOPE

This standard operating procedure (SOP) describes procedures that will be used by subcontractors
at Rocky Flats to handle decontamination water and wash water used during Environmental

Management (EM) field activities

RESPONSIBILITIES AND QUALIFICATIONS

Personnel using hght or heavy equpment, scientific momitoring devices, or operating company

vehicles must have appropriate traiming and/or licenses

The subcontractor’s site manager is responsible for coordinating the removal and transfer of all sohd

environmental matenals from the project work area

The subcontractor 1s also responsible for moving environmental hquuds to holding tanks located at
the central EG&G decontamination facihty

It 1s the subcontractor’s sitc manager’s responsibility to report as soon as possible to the EG&G
project manager or a designated EG&G representative any damage mcurred to a drum Types of
damage include holes, damage to the hd seal, or any other problem that may compromise drum
integnty Damaged drums must have their contents transferred to an undamaged drum

The subcontractor’s site manager will assign personnel to conduct weekly nspections of all the
drums 1ssued to the subcontractor until relinquished to EG&G. These mspections will ensure that
drum mtegrity 1s maintained

EG&G’s Radiation Protection Technicians (RPTs) or RPT designated representatives are
responsible for conducting radiation screenings of equipment, samples, and personnel before they

leave the work area

{4011 REV)(FOTREV 1)(07/01/91)
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40

41

42

EG&G’s Waste Operations personnel are responsible for the collection, transport, and storage of
solid environmental materials from the drum transfer area and environmental liquids at the main
decontammation facility

REFERENCES

SOURCE REFERENCES

The following 1s a hst of references reviewed prior to the wnting of this procedure

EG&G Use and Color Coding of Drums Policies Rocky Flats Plant RFPM MAT 20-005
November 3, 1989

Environmental Protection Agency (EPA) A Compendium of Superfund Field Qperations Methods
EPA/540/P-87/001 December 1987

RCRA Facihity Investigation Guidance Interim Final May 1989

INTERNAL REFERENCES

Related SOPs cross-referenced 1n this SOP are as follows

. SOP FO.3, General Equipment Decontamination

. SOP FO 4, Heavy Equipment Decontamination

. SOP FO 8, Handhing of Dnlling Fluirds and Cuttings

. SOP FO 10, Receiving, Labeling, and Handhing Environmental Matenals
Containers

. SOP FO 12, Decontamination Facility Operations

. SOP FO 18, Use of Photoiomizing Detectors and Flame Ionizing Detectors

(4011 REV)(FOTREV 1)(07/02/91)
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. SOP FO 16, Field Radiological Measurements

50 EQUIPMENT

The mmimum equipment needed to handle decontamination water or wash water are the following

. Truck or trailer with enclosed sides for moving hquid waste contaners
. Personal splash protection equipment

. Pump (hand or penstalic)

J Gray drums or other hiqud waste containers

. Drum handling equpment (if drums are used)

6.0 WORK AREA CHARACTERIZATIONS

Each project work area will be charactenzed by EG&G prior to any field actiity Work area
characterizations will be based on the histoncal background of the work area and include the
chemical results of previous soil and groundwater analyses and the results of field radiological
surveys conducted by EG&G RPTs or RPT designated representatives Work areas associated with
the EM program field operations fall into two characterizations potentially contaminated and not
potentially contammnated Work areas currently characterized as potentially contaminated mclude
the following

. Individual Hazardous Substance Sites (IHSSs)

. Identified Groundwater Plume Areas
. Amencium Zone at OU No 2
o Surface water and sediment sampling stations which have not been venified as

background locations

(4011 REV)(FOTREYV 1)(07/01/91)
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6.1

See SOP FO 10, Receving, Labeling, and Handling Environmental Matenals Contaners for speafic

work areas currently characterized as potentially contaminated

The types of contamination that may be encountered within potentially contaminated work areas

include the following.

. Low-level radioactively contaminated substances
. Nonradioactive RCRA regulated hazardous (hazardous) substances
. Mixed (low-level radioactive and hazardous substances)

HANDLING OF DECONTAMINATION WATER AND WASH WATER

Decontamination water 1s soapy or clear water used for cleaming and ninsing equipment, personnel,
samples, or vehicles used in work areas charactenized as potentially contammnated or in not
potentially contaminated work areas, where verified positive detections above background were
encountered during field momtoring The water used to clean equipment used during drlling

activities, regardless of the work area characterization, will be considered decontamination water

Wash water 1s soapy or clear water used to clean equpment, personnel, samples, or vehicles used
at work areas characterized as not potentally contaminated where no verified positive readings above

background were detected during field momtoring.

If a work area 1s characterized as not potentially contamimnated but verified results from field
momitoring mdicate the presence of previously unsuspected contaminated substances, the water used

for cleaming equipment, personnel, samples, and vehicles 1s considered decontamination water

{4011 REV)(FOTREV 1)(07/01/91)
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6.1.1 Handling of Decontamination Water

Decontamination water will be contained by the subcontractor in gray 55-gallon drums or hquid

contamers The drums will be taken by the subcontractor to the main EG&G decontamination

facihity The decontamination facility will have an area specifically designed for environmental hquids

disposal (see SOP FO.12, Decontammnation Facility Operations for details pertaiming to the

environmental hiquids area) The subcontractor will empty the entire drum’s contents into this area

Other considerations to ensure the proper handling of decontamination water are

(4011 REV)(FOTREV 1)(07/01/91)

Due to lugh phosphate levels, Alconox will not be used Liquinox or a phosphate-
free equivalent will be used.

Decontammation water used by subcontracting personnel must be replaced at least
once daily regardless of the contamination level Replacement may be required
more than once a day, depending on field conditions (1€, heavy mud or organic

or radioactive contaminants)

Use gray, 55-gallon, open top (removable top) drums or environmental hqwuds

contamers appropriately sized for the task to move decontamination water

Liqud contaner hds will be secured and contaners will be moved 1 trucks with

enclosed sides

Mark the hqmd containers used for moving environmental hquids with the words
"NONPOTABLE PENDING ANALYSIS" as described in SOP FO 10, Receving,
Labehng, and Handling Environmental Materials Containers
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. Document the use of gray drums for moving environmental hquds on the Drum

Field Log Form (Form FO 10A, see Section 8 0 - Documentation )

. Decontaminate contamners used to move environmental hquids after emptying

them (See SOP FO 3, General Equipment Decontamination )

. No contammers with holes, leaks, or bad seals will be used for mowving

decontamination water

. Proper “"splash” protection must be used while handling flmds (see SOP FO 4,

Heavy Equpment Decontamination )

. 6.12 Handling of Wash Water

For surface water field activities 1n areas characterized as background stations (uncontaminated) (see
SOP FO 10, Receving, Labeling, and Handling Environmental Materials Containers), wash water
and rinse water will be disposed of on the ground at least 50 feet from the sampling location such

that the waste water cannot discharge into any stream, pond, or other surface water impoundment

Wash water used to clean equipment, personnel, or vehicles during surface soil sampling or
groundwater samphng in work areas characterized as not potentially contaminated where no venfied
positive reading were detected on field momtors will be disposed of approximately 50 feet from the
samphng location The disposal location must be at least 200 feet from any stream drainage

7.0 DECONTAMINATION

Decontamination of equipment used to handle and move decontamination water will be done
accordance with SOP FO 4, Heavy Equpment Decontammation and SOP FO 3, General Equipment
‘ Decontamination, and will be done between work areas so as not to promote cross-contamination

P

(4011 REV)(FOTREV 1)(07/01/91)
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of work areas Equipment and contamers used for handling wash water will be power sprayed and

rinsed
80 DOCUMENTATION
8.1 DRUM FIELD LOG FORM
If gray drums are used for moving environmental hquids, a Drum Field Log Form (Form FO 10A)

will be filled out 1n order to maintan a "cradle to grave” record Information on the Field Drum

Log Form includes

. . Drum ID number
. Date of 1ssue

. Location 1n field

. Contents

. Fill date

. Date of decontamination and area location
o Date returned to EG&G

Any damage incurred to a drum esther during shipping or handling will be reported to an EG&G

representative as soon as possible for immediate correction

Entries made on the Drum Field Log Form may be supported with entries 1n a field logbook

(4011 REV)(FOTREV 1)(07/02/91)
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20

3.0

PURPOSE AND SCOPE

This standard operating procedure (SOP) will be used at the Rocky Flats Plant (RFP) to describe the

proper methods to control, contain, and handle driling flnds and cuttings

This SOP describes the handhing of drill cuttings and drilling flmds and the use of orgamic vapor

detectors (OVDs) and radiological screening for field monitoring
RESPONSIBILITIES AND QUALIFICATIONS

Personnel using hight or heavy equipment, scientific momitoring devices, or operating company vehicles

must have appropnate tramming and/or hcenses

The subcontractor’s site manager 1s responstble for the proper handling of all maternials generated during
dnilling activities

The subcontractor 1s responsible for drumming drill cuttings Drums contamning dnll cuttings will be
transferred to the custody of EG&G Waste Operations only after the drums’ contents have been
charactenized and the drums have passed inspection Characterization will be based on analytical results
of the samples corresponding to the cuttings associated with the drums’ contents and the EG&G
Hazardous Waste Requirements Manual (HWRM).

The subcontractor 1s also responsible for moving environmental hquids associated with EM drilling

activities to holding tanks located at the main EG&G decontamination facihty

1t 1s the subcontractor’s site manager’s responsibility to report as soon as possible to the EG&G project
manager or a designated EG&G representative any damage mcurred to a drum Types of damage
include holes, damage to the hd seal, or any other problem that may compromise drum integrity

Damaged drums will have their contents transferred to an undamaged drum

(4011 REV)(FOSREV 1)(07/01/91 3.32pm)
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The subcontractor’s site manager will assign personnel to conduct weekly inspections of all the drums

1ssued to the subcontractor until the drums are relinquished to the custody of EG&G Waste Operations

These nspections will ensure that drum integnity 1s mantained

EG&G’s Radiation Protection Technicians (RPTs) or RPT designated representatives are responsible
for conducting radiation screenings of equipment, samples, and personnel before they leave potentially

contammated work areas
EG&G’s Waste Operations personnel are responsible for the collection, transport, and storage, of solid

environmental matenals from the drum transfer area and enwvironmental hquids from the

decontamination facility

| ‘ 40  REFERENCES

4.1 SOURCE REFERENCES

The following 1s a hist of references reviewed prior to the writing of this procedure

EG&G Hazardous Waste Requirements Manval (HWRM) June 1991

EG&G On-Site Transportation Manual 1991

EG&G Pohicies Rocky Flats Plant, Use and Color Coding of Drums RFPM MAT 20-005 November
3, 1989

Enwvironmental Protection Agency (EPA) A Compendium of Superfund Field Qperations Methods
w EPA/540/P-87/001 December 1987

(4011 REV)(FOSREV 1)(07/01/91 3 32pm)
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Hall, Ridgway M Jr, Tom Watson, Jeffrey J Dawidson, David R Case, Nancy S Bryson RCRA
Hazardous Wastes Handbook 6th Edition Government Institutes, Inc. Rockwville, MD March 1986

National Institute for Occupational Safety and Health (NIOSH), Occupational Safety and Health
Admmistration (OSHA), U S Coast Guard (USCG), and U S Environmental Protection Agency (EPA)

Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities October 1985

42 INTERNAL REFERENCES

Related SOPs cross-referenced mn this SOP are as follows

. SOP FO.3, General Equpment Decontamination
' . SOP FO 4, Heavy Equipment Decontamination
. SOP FO.5, Handling of Purge and Development Water
. SOP FO 6, Handling of Personal Protective Equipment
. SOP FO 7, Handling of Decontamination Water and Wash Water
J SOP FO 9, Handhing of Residual Core and Laboratory Samples
. SOP FO 10, Receiving, Labeling, and Handhing Environmental Matenals Containers
. SOP FO 12, Decontamination Facility Operations
. SOP FO 15, Use of Photoiomzing Detectors and Flame Iomzing Detectors
. SOP FO 16, Field Radiological Measurements
o SOP GT 2, Dnlling and Samphng Using Hollow-Stem Auger Techmques

50 EQUIPMENT

The followmng items will be required during most field operations that generate drilhng fluids and

cuttings

. . Gray, 55-gallon drums, Type 17C

(4011-REV)(FOSREV 1)(67/01/91 4.31pm)
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Rigid hiner for drums

Shovels and scoops with nonporous surfaces to facihtate decontamination

Pamnt stick for marking drums

Organic vapor detector (OVD)

Field radiation monitor

Drum bung wrench

Tools for opening and sealing open-top 55-gallon drums with a clamp-type sealing band
Pallets

Opaque weather-proof sheeting

Hand pressunized sprayer

Desiccant

If dnlling muds are used, a seamless container (such as a molded plastic type) will be
used for decanting fluds from residual sediments

Personal Protective Equipment (PPE) as specified i the Site-Speaific Health and
Safety Plan

A heavy equipment forkhift or truck equipped with a drum grappler and capable of

hifting a 55-gallon drum contaiming sohd or hquid matenals

6.0 CONTAMINANT CHARACTERIZATION

Each project work area will be characterized by EG&G prior to any field acvity Work area

characterizations will be based on the historical background of the work area and include the chemical

results of previous soil and groundwater analyses and the results of field radiological surveys conducted

by EG&G RPTs or RPT designated representatives ~ Work areas associated with the EM program

(4011 REV)(POSREV 1)(07/02/91 2:02pm)
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field operations fall into two characterizations  potentially contammnated and not potentially

contammated Work areas currently characterized as potentially contaminated include the following

. Individual Hazardous Substance Sites (IHSSs)

. Identified Groundwater Plume Areas

. Amencium Zone at OU No 2

. Surface water and sediment sampling stations that have not been venfied as

background locations .

A listing and locator map of all known Individual Hazardous Substance Sites (IHSS) has been included
m Appendix FO 10A of SOP FO 10, Receving, Labeling, and Handling Environmental Materials

Containers

Drill cuttings generated during EM field operations will be handled by containenizing them 1in 55-gallon
gray drums as they are generated Environmental hquids generated during EM field operations will be
contamenzed n 55-gallon, gray, closed top drums or appropnately sized contammers The liquid

contamers will be moved to the environmental liquids area at the mam decontamination facility

The use of field momtors for the detection of volatile organics and radionuchdes 1s discussed in SOP
FO 15, Use of Photoiomzing Detectors and Flame Iomzing Detectors, and SOP FO 16, Field
Radiological Measurements and their use 1s defined 1n the Health and Safety Plan (HSP)

The types of contamination that may be encountered within potentially contaminated work areas include

the following

. Low-level radioactively contaminated substances
. Nonradioacive RCRA-regulated hazardous (hazardous) substances
. Miuxed (low-level radioactive and hazardous substances)

(4011 REV)(FOSREV 1)(07/02/91 2:03pm)
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6.1 PREDRILLING PROCEDURES

Prednlling procedures will be conducted prior to drilhng a well or boring regardless of the work area

characterization Predrilling procedures include the following

. Subcontracting personnel will conduct a radiological screening (see SOP FO 16, Field

Radiological Measurements) of the ground surface prior to any drlling activity

. The surface soil around the staked boring or well location will be wetted with distilled
water from a hand-pressurized spray bottle The wetting will be sufficient to preclude

dust generation during the soil removal process

. The subcontractor personnel will use a shovel to remove a depth of approximately 20
cm of soil from an arc of sufficient size to allow for approximately 2 inches of
clearance on each side of the auger. The wet soil will be spread over the ground near
the drilling site  Drilling activities may now begin The shovel will be decontaminated

between work areas

62 DRILLING PROCEDURES

The auger will be positioned approximately in the center of the 20-cm-deep excavation to begin drilling
As cuttings are generated, they will be wetted with distilled water from a hand-pressurized sprayer and

placed on the ground

An OVD and a field radiation monitor will be used to screen core or cuttings to determne if hazardous
or radioactive substances are present so that the proper PPE 1s sclected i order to comply with the
HSP In work areas requiring a radiological work permit and an Integrated Work Control Form with
an appropnate work package, an EG&G RPT or RPT designated representative will be contacted to
radiologically monitor the equpment and PPE at the end of each day’s dnilling activities The

(4011 REV)(FOSREV 1)(07/01/91 3 32pm)
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equipment and PPE will be handled per SOP FO 4, Heavy Equipment Decontamination and SOP FO 6,
Handhng of Personal Protective Equipment

63 FIELD MONITORING

OVD and field radiological screemings will be conducted by the subcontractor within each work area for

all mtrusive activities to ensure the safety and to determine the proper PPE to be worn by all workers

The OVD and field radiological momtors will be used as described in SOP FO 15, Use of Photoionizing

Detectors and Flame Iomzing Detectors, and FO 16, Field Radiological Measurements For the

purposes of this SOP, the following procedures apply

Prior to the start of work, measure the organic vapor and radioactive background level
on the upwind side of the actvity area Record the results on Form FO 8A,
Venfication of Organic Vapor Moritoring, Form FO 16A, Results of Radiological
Momntoring in the Field, and wn the logbook.

Momtor the borehole for organic vapors and radiological contaminants where the
mtrusive work 1s occurring The results of momitoring shall be recorded as described
1 the site-speaific HSP. When hollow-stem augers are being used, monitor inside the
auger each time the drive head 1s removed When solid-stem augers are being used,

monitor the cuttings at ground level each time the auger 1s stopped

Single OVD or field radiological measurements greater than the background
measurement may ndicate the presence of hazardous or radioactive substances and

must be vernified as described in Subsection 63 1

When an OVD or field radiological measurement above background 1s detected, all

mtrusive work will stop until the venification procedures are complete

(4011 REV)(FOSREV 1)(07/02/91 12:41pm)
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63.1 Venified Positive Readings

The following venfication procedures will be used after detecting an mmtial OVD or radiological
measurement greater than the background measurement The verification process will be recorded on
Form FO 8A, Verification of Organic Vapor Monitoring Results, and Form FO 16A, Results of
Radiological Momitoring m the Field

. For an OVD reading above background, turn off any diesel- or gasoline-driven engines
operating within the vicimty of the work area since most OVDs will detect incomplete

combustion by-products

. Remove the instrument (OVD or field radiological) from the work area and make an

upwind measurement of ambzent organic vapor levels or radioactivity, as appropriate

. That measurement will be followed by a remeasurement at the same location where

the positive measurement was recorded

. If the remeasurement 1s not above background, repeat the preceding actions for a third

measurement and record the results
. If any two of the three measurements (including the original measurement) indicate

organic vapor levels or radioactvity greater than the background level, the origmnal

measurement has been venfied.

(4011 REV)(FOSREV 1)(07/01/91 3.32pm)
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64 INVESTIGATIVE MATERIALS

64.1 Handling Dnll Cuttings

Dnll cuttings will be contamned in gray drums with a hiner (See SOP FO 10 Receving, Labeling, and
Handling Environmental Materials Containers, Section 632) regardless of the work area
charactenzation  Prior to the filling of the drum, two hiters of desiccant will be placed 1n the bottom
of the drum and two additional liters will be put into the drum when the drum has been filled half full
Cuttings will be placed in the drum until the drum 1s full After filing, these gray drums will be sealed,

\ locked, marked, and placed on a pallet at the drilling site  After the laboratory analytical results of the
environmental samples have been received and assessed by EG&G, Waste Operations will proceed with
the disposition of the drums. If the drum’s contents are determined to be uncontaminated, the contents

| . will be disposed of mn the landfill If the drum’s contents are determined to contain hazardous
substances, mixed substances, or radioactive substances, the drums will be painted the appropriate color
corresponding to the characterization of the drum’s contents, labeled approprniately (See SOP FO 10,
Recemving, Labeling, and Handling Environmental Materials Containers), and stored by EG&G Waste
Operations according to the proper SOPs contained in the HWRM and the On-Site Transporation
Manual

642  Handling Drilling Fluids

If drilling fluids are to be used, the entire pumping system will be checked for leaks before the pumping
system 1s taken to the work area Checking will consist of assembling the system and pumping potable
quality water through 1t If a leakage in the hose connections or elsewhere 1s detected, it will be

reparred before being used

If a drlling flmd system bemng used at a drill site develops a significant leak that will result 1n the
potential contamnation of the surficial souls, the system will be shut down and repaired within the work
area, if feasible If repairs are not feasible within the work area, the dnll ng will be removed from the

(4011 REV)(FOSREV 1)(07/02/91 2:03pm)
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work area and decontammnated before it 1s repawred (see SOP FO4, Heavy Equipment

Decontamination)

Dnlling fluds will be contaned 1n 55-gallon, gray, closed top drums or appropnately sized containers
Field personnel should decant the environmental iquids from one drum (or container) to another (or
from a trough to a drum or contamer) prnior to moving if the amount of sediment within the
environmental hiquids 1s substantial The residual sediments will be placed in gray drums according to
Section 64 1 of this SOP The environmental hiquid containers will be moved to the environmental
hiquids area at the main decontamination facility (See SOP FO 12, Decontamination Facihty Operations
for details pertaining to the environmental hquids area ) Environmental iquid containers will be marked
and moved as described 1n SOP FO 10, Receiving, Labeling, and Handling Environmental Matenals

Contamers The hquid contaners will be empuied by the subcontractor into the decanting tanks at the

. decontamination facility

790 DOCUMENTATION

A permanent record of the implementation of this SOP will be kept by documenting field observations
and data Form FO 8A, Venification of Orgamic Vapor Monitoring Results and Form FO 8B, Record
of Drilling Fluids and Cuttings are provided to assist in the documentation of the field monitoring.
Results of the field radiological monitoring will be documented in accordance with SOP FO 16, Field
Radiological Measurements

Additionally, drums 1ssued to a subcontractor by EG&G will have an associated Drum Field Log Form

(FO 10A) and a Contaminant Characterization Form (FO 10C) as discussed in SOP FO 10, Receiving,

Labeling, and Handling Environmental Matenals Containers

- (4011 REV)(FOSREV 1)(07/02/91 2:04pm)




U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT Form FO.8B

RECORD OF DRILLING FLUIDS AND CUTTINGS

Date of Activities Field Team Leader

1 Personnel Assigned to task that generated the wastes

Name Assignment Employer
Driller

Dnller’s Helper

Geologst

Health and Safety Tech

Other - Speafy

2 Identfication of site task was accomphished at

3 Contammant classes assumed to be present (check as appropnate)
low-level radioisotopes Hazardous Uncontaminated Area
high-level radioisotopes Mixed
4 Unanticipated contammant classes found
No Yes (check as appropnate)
low-level radioisotopes Hazardous

high-level radioisotopes Mixed

S Highest environment monitoring results

Organic vapors (value) (units) (instrument used)
Radioisotopes (value) (umts) (instrument used)
Completed by
Print Name Date Signature
Subcontractor

(4011 REV) (FOFORM.8) (07-01 91) (3 23pm)




' U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT Form FO.8A
1§

VERIFICATION OF ORGANIC VAPOR MONITORING RESULTS

1 Date Work Area

2 Check Histoncal Contamnant Classifications

Radiological Hazardous Muxed

W

Prework/Background Organic Vapor Monitoring Results

(numenc value) (units, 1e ppm) Instrument Used

4 Venfication Measurements

Inmitial measurement above background

Background check

First venification measurement

. Background check

Second venfication measurement

5 If erther of the venfication measurements are above the preceding background measurement the inital
measurement has been venfied

Individual completing this form

Print Name Signature Date Subcontractor

. (4011-REV) (FOFORM.S) (07-01-91) (3 23pm)
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20

30

3.1

32

PURPOSE AND SCOPE

This standard operating procedure (SOP) describes the waste management procedures to be
mmplemented at the Rocky Flats Plant (RFP) for the handling of residual laboratory soil samples,
and the documentation necessary to be in comphance with the RFP Waste Management Program
This SOP 1s intended to be sufficiently detailed so that conformance will result in relhiable bandling

of residual laboratory soil samples
RESPONSIBILITIES AND QUALIFICATIONS
SUBCONTRACTORS

The subcontractor’s project manager will be responsible for assigning project staff to implement this
SOP and for ensuring that the procedures are followed by all subcontractor personnel

The assigned onsite samphng manager will have a mmmum of a two year college science degree
and report to an assigned chemst. The sampling manager will be responsible for all coordination
and required documentation as specified in this SOP between the subcontractor, EG&G, and the
laboratory

Personnel using hght or heavy equipment, scientific monitoring devices, or operating company

vehicles must have appropriate training or hcensees
LABORATORY

The laboratory will be responsible for contacting the subcontractor that ongmally submitted the
samples prior to shipping any residual lab soil samples The laboratory will also be required to
provide all documentation, as specified n this SOP, to the subcontractor and ship all laboratory
residual soil samples 1n accordance wath all apphcable Department of Transportation (DOT) regulations

(4011 REV)(FOPREV 1)(06-07-91)




Fope

HANDLING OF RESIDUAL SAMPLES

EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No - FO.9, Rev. 1
Page. Jof7
Effective Date June 10, 1991
Category 2 Orgamzation. Environmental Management
33 EG&G

490

4.1

42

5.0

The EG&G project manager has the overall responsibility for implementing this SOP  EG&G wall
be responsible for approving all Residual Lab Soil Characterization (RLSC) forms and final
disposition of all residual laboratory soils

REFERENCES

SOURCE REFERENCES

The following 1s a hist of references reviewed prior to the wniting of this procedure

I f rfund Fiel ration h EPA/540/P-87/001 December 1987

RCRA Facility Investigation Guidance. Interim Final May 1989

INTERNAL REFERENCES

Related SOPs cross-referenced mn this SOP are as follows

. SOP FO 10, Receving, Labeling, and Handling Waste Contamners
. SOP FO 12, Decontamination Faality Operations

PROCEDURE FOR THE HANDLING OF RESIDUAL SAMPLES

Residual laboratory soil samples consist of excess soils collected at RFP that were not used by the

chemical laboratory for analyses and are beng returned to RFP

(4011 REV)(FO9REV 1)(06-07-91)
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52

The following procedures are guidelines to be followed by the subcontractor for the proper chemical
characterization, movement, storage, and containment of residual laboratory soils being returned to

RFP by EG&G’s contracted chemical laboratones
RECEIVING RESIDUAL LABORATORY SAMPLES

Chemical laboratories requesting to return residual soil samples wall first contact the subcontractor
that ongmnally submitted the soil samples to the laboratory The subcontractor will require all
documentation specified in this SOP The laboratory will provide the subcontractor with the

following notification of shipment

. Sample dentification bst of residual soils to be returned to RFP
. Method of shipment (i e, couner)

. Expected date and time of delvery

. Number of shipping contamers

. Total number of individual sample containers

CHARACTERIZING RESIDUAL LABORATORY SAMPLES

Once the subcontractor receives all required information from the laboratory, the subcontractor wall
access the Rocky Flats Data Management System (RFDMS) for the validated chemical results of
the associated soil sample The subcontractor will categorize each soil as radioactive, hazardous
(nonradioactive RCRA-regulated hazardous substances), or non-hazardous based upon the chemical
results The chemical categonization will be performed by the subcontractor’s assigned sample
manager and chemist  All chemical categornzations performed by subcontracting personnel will be
based on vahdated chemical results of the associated soil sample obtamned during field sampling

activities
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Following the subcontractor’s chemical categorization of each residual soil sample to be returned
to EG&G, the subcontractor will complete a Residual Lab Soil Characterization (RLSC) Form
(Form FO9A) This form will identify the name of the subcontractor, the chemical laboratory
requesting the return shipment, the date of request, and the RLSC identification (I D ) number
(sample ID ) Included on this form wall be the subcontractor’s chemical categonization of each soil

sample which will be 1dentified as follows

. Uncontaminated
. Low-level radioactivity contaminated (RAD)
. Nonradioactive RCRA-regulated hazardous (hazardous)

. Mixed (RAD and hazardous)

The subcontractor will also cross-reference the oniginal Chan-of-Custody (COC) number to the
residual soil sample and record that COC number on the spaces provided on the RLSC Form.

The RLSC form(s) and associated chemical results will be submitted to EG&G for final
characterization and approval of acceptance of the residual laboratory soil samples Following
EG&G’s waste charactenzation and approval, the RLSC Form and associated chemical analyses will
be returned to the subcontractor The subcontractor will authonze the chemical laboratory to
proceed with the return shipment of the designated residual laboratory soils to RFP

RECEIVING SAMPLE SHIPMENTS

The laboratory will address the residual laboratory souls to the subcontractor at RFP The samples
will be shipped 1n accordance with all apphicable DOT shipping regulations The laboratory will also
provide duphicate copies of the associated COC form(s) pertaining the residual laboratory soils The
duplicate copies of the COC forms are to be securely placed on the outside of the shipping

container(s) and well protected from the weather

(4011 REV)(FO9REV 1)(06-07 91)




HANDLING OF RESIDUAL SAMPLES

EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No: FO.9, Rev 1
Page 6 of 7
Effective Date: June 10, 1991
Category 2 Organization: Environmental Management

When the designated res:dual soil samples are received by EG&G’s Shipping and Receiving
Department, the subcontractor will be notified of the shipment The subcontractor will move the
unopened sample container(s) (coolers or packages) to the mamn decontammnation faciity At the
main decontammnation facility, the subcontractor will open the sample cooler(s) 1n accordance with
the Environmental Management’s Project Health and Safety Plan The subcontractor will inspect
the contents in each sample container, assess damage, and ensure that all individual sample

containers are hsted on the accompamed COC form

Samples 1dentified on the COC by the subcontractor that cannot be accounted for will be lined-out,
dated, and imtialed on both COC copies This discrepancy will be documented on the COC forms
and the laboratory will be notified

If containers are inventoried by the subcontractor during inspection and are not bsted on the COC
forms, the subcontractor will separate the non-listed sample contamner(s) and contact the laboratory
and EG&G for further guidance

If a sample container is found to be broken, the sample manager will check the EG&G
charactenization of the contents of the contammer If the contents are characterized as
uncontaminated, the sample will be left in the shipment contamer If the soils within the broken
sample container are characterized as RAD, hazardous, or mixed, the sample manager will contact

the EG&G project manager for further guidance

If the sample contamers are undamaged, the subcontractor will segregate each sample contaner
based on the EG&G charactenzation of the sample Sample contamners having the same
charactenization will be repackaged together Each new package will be labeled according to the
characterization of samples Packages containing samples characterized as RAD will be labeled with
a "White I" radioactive label Packages containing samples characterized as hazardous or mixed will
be labeled with a Department of Transportation (DOT) "Other Regulated Matenals Class E"
(ORM-E) sticker Additionally, packages containing mixed residual samples will be marked with

(4011 REV)(FOSREV 1)(06-07 91)
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6.0

the word "RAD " (See SOP FO 10, Recerving, Labeling, and Handling Waste Containers for details
pertamning to the proper handling of waste containers )

The subcontractor will then place the repackaged samples at the drum transfer area at the mam
decontamination facility (see SOP FO 12, Decontamination Facility Operations) The subcontractor
will have EG&G’s Waste Operations personnel sign both copies of the COC forms Custody of the

residual soil samples 1s now considered officially transferred to EG&G

The subcontractor will relinquish one copy of the COC form(s) to EG&G’s Waste Operations
personnel The subcontractor will retain the duplicate COC form(s) to complete the subcontractor’s
document package that will ensure that residual soils were appropnately handled and returned to
RFP.

DOCUMENT PACKAGE

The subcontractors’s document package for residual laboratory samples returned to EG&G’s custody

will contan the following information for each shipment-

. An EG&G signed copy of the COC form(s)
. A copy of the completed RLSC form(s) and associated chemical analyses
. Laboratory notification of shipment

These document packages are to be filed in the subcontractor’s project QA files and kept until
requested by EG&G for permanent storage

DOCUMENTATION

Information requested by this SOP will be documented on the RLSC (Form FO 9A) form(s) and
the COC(s)

(4011 REV)(FO9REV 1)(06-07 91)




U.S DEPARTMENT OF ENERGY ROCKY FLATS PLANT

Form FO 9A

RESIDUAL LAB SOIL CHARACTERIZATION FORM

(RLSO)

ATTACH CHEMICAL RESULTS OF ASSOCIATED SAMPLES

THIS PORTION WILL BE COMPLETED BY THE SUBCONTRACTOR

AND APPROVED BY EG&G

Name of Subcontractor

Name of Chemical Laboratory

Date of Request .

Are Associated Chemical Results Attached? (Y/N)

Subcontractor’s Signature
Date .
Comments

EG&G Project Manager . .
Residual Lab Soil Characterization

Sample I.D Onginal COC #

Characterization

Comments

EG&G Approval Signature
Date
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2.0 PURPOSE AND SCOPE

The environmental matenals generated from Environmental Management (EM) field activities
will be handled 1n accordance with the Rocky Flats Plant (RFP) waste management program
This standard operating procedure (SOP) describes procedures that will be used by
subcontractors at RFP to receive, mark, and handle environmental drums until they are

returned to RFP’s representative, EG&G

These procedures are intended to be sufficiently detailed so that conformance with them will

result in rehable drum handling and management

RESPONSIBILITIES AND QUALIFICATIONS

Personnel using hght or heavy equipment, scientific momtoring devices, or operating company

vehicles must have appropnate training and/or licenses

The subcontractor’s site manager 1s responsible for the proper handling of all matenals

gencrated duning drilling activities

The subcontractor 1s responsible for drumming drill cuttings and other sohid matenals
associated with environmental activities The transfer of drums to the custody of EG&G
Waste Operations personnel shall occur once the drum’s contents have been characterized, the

drum has been inspected, and space 1s available at the Waste Operations transfer/storage area

The subcontractor 1s also responsible for moving environmental hiquids associated with EM

drilling activities to holding tanks located at the main EG&G decontamination facility

It 1s the subcontractor’s site manager’s responsibility to report as soon as possible to the
EG&G project manager or a designated EG&G representative any damage incurred to a drum

Types of damage include holes, damage to the hd seal, or any other problem that may

(4011 REV)(FO10REV 1)(07/02/91)
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4.0

4.1

compromise drum integrity Damaged drums will have their contents transferred to an

undamaged drum

The subcontractor’s site manager will assign personnel to conduct monthly inspections of the
drums 1ssued to the subcontractor until relinquished to the custody of EG&G  These
mspections will ensure that drum integrity is maintained

EG&G’s Radiation Protection Techmicians (RPTs) or RPT designated representatives are
responsible for conducting radiation screenings of equipment, samples, and personnel before
they leave potentially contaminated work areas

EG&G’s Waste Operations personnel are responsible for the collection, transport, storage,
treatment, and disposal of solid and liquid environmental maternals from the drum transfer
area at the main decontamination facility

REFERENCES

SOURCE REFERENCES

The following 1s a hst of references reviewed prior to the wniting of this procedure

EG&G Hazardous Waste Requirements Manual (HWRM) June 1991

EG&G Qn-site Transportation Manual 1991

EG&G Policites _Rocky Flats Plant. Use and Color Coding of Drums RFPM MAT
20-005 November 3, 1989

Environmental Protection Agency (EPA) A _ Compendium of Superfund Field
Operations Methods EPA/540/P-87/001 December 1987

(4011 REV)(FOI0REV 1)(07/02/91)
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Hall, Ridgway M Jr, Tom Watson, Jeffrey J Dawvidson, David R Case, Nancy S

Bryson RCRA Hazardous Wastes Handbook 6th Edition Government Institutes,
Inc Rockville, MD March 1986

National Institute for Occupational Safety and Health (NIOSH), Occupational Safety
and Health Adminmistration (OSHA), US Coast Guard (USCG), and US

Environmental Protection Agency (EPA) Occupational Safety and Health Guidance
Manual for Hazardous Waste Site Activities October 1985

4.2 INTERNAL REFERENCES

Related SOPs cross-referenced 1n this SOP are as follows

. SOP FO 3, General Equipment Decontamination

. SOP FO 5, Handling of Purge and Development Water

. SOP FO 6, Handling of Personal Protective Equipment

. SOP FO 7, Handling of Decontamination Water and Wash Water
. SOP FO 8, Handling of Dniling Fluids and Cuttings

. SOP FO 9, Handling of Residual Samples

. SOP FO 12, Decontamination Facility Operations

. SOP FO 15, Use of PIDs and FIDs

. SOP FO 16, Field Radiological Measurements

5.0 EQUIPMENT

Several types of equipment can be used to move drums too heavy to hft safely A hst of

appropriate equipment includes

. A drum grappler attached to a hydraulic excavator

(4011 REV)(FO10REV 1)(07/02/91)
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. A small front-end loader, which can be either loaded manually or equipped

with a bucket sling

. A rough terrain forkhft
| . A roller conveyor equipped with solid rollers
. Drum carts designed specifically for drum handling
. Miscellaneous sizes of wrenches, sockets, and socket ratchets for opening and

sealing drums

‘ . Wood pallets

. Plastic or nylon banding
The drum grappler 1s the preferred equipment for handling heavy drums (NIOSH, et al , 1985)
6.0 WORK AREA CHARACTERIZATIONS

Each project work area will be characterized by EG&G prior to any field actiity Work area
characterizations will be based on the historical background of the work area and include the
chemical results of previous soil and groundwater analyses and the results of field radiological
surveys conducted by EG&G RPTs or RPT designated representatives Work areas associated
with the EM program field operations fall into two characterizations potentially contaminated
and not potentially contaminated  Work areas currently characterized as potentially
contaminated include the following

. Identified Groundwater Plume Areas

' . Individual Hazardous Substance Sites (IHSSs)

(4011 REV)(FO10REV 1)(07/02/91)
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. Americium Zone at OU No 2

o Surface water and sediment sampling stations that have not been verified as

background locations

Potentially contaminated work areas where groundwater plumes have been 1dentified will be
specified 1a the applicable work plans, as appropriate Table FO 10-Al of Appendix FO 10A
hists the THSS work areas at RFP  Figure FO 10-Al, of Appendix A, shows the locations of
the RFP IHSSs Figure FO 10-1 illustrates the identified groundwater plume areas and the
americium area at OU No 2 Table FO 10-1 Iists the surface water and sediment stations
(locations) that have been verified as background stations (uncontaminated) as of December,
1990 Other surface and sediment sampling stations will be added to this list as they become
verified as background stations Unless specified 1n the individual project work plans, all other

work areas will be considered potentially contaminated

Various types of environmental matenals are generated during EM field operations Sohd
environmental materials for the purpose of EM waste management at the RFP include dnll
cuttings, sludge, surface soils, and disposable personal protective equipment (PPE)
Environmental hquids generated during field activities include drilling fluids, decontamination

and wash water, and residual groundwater and surface water samples

The types of contamination that may be encountered within potentially contaminated work

areas include the following

. Low-level radioactively contaminated substances
. Nonradioactive RCRA-regulated hazardous (hazardous) substances
. Mixed (low-level radioactive and hazardous substances)

The use of field momtors for the detection of volatile organics and radionuchides 1s discussed
m SOPs FO 8, Handling of Dnilling Fluids and Cuttings, FO 15, Use of Photoionizing

Detectors and Flame Iomzing Detectors, and FO 16, Field Radiological Measurements

(4011 REV)(FO10REV 1){07/02/91)
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TABLE FO 10-1

BACKGROUND SURFACE WATER AND SEDIMENT STATIONS

Surface Water

Station Number

SWo004
SW005
SW006
SwW108

SWo007

SWo041
SW080
SW104
SW107
SWo042

Draft Back 4 Geoch 1 Ch

Xgr
Rocky Flats Plant Golden Colorado
rockwell\bkgdchem\sed 3a jbb

(4011 REV)(FOLOREV 1)(07/02/91)
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FOR

ROCKY FLATS PLANT

Sediment

Station Number

SED 22
SED 20
SED 23
SED 21

SED 04

SED 17
SED 18
SED 19
SED 16
SED 15

Location

Rock Creek Drainage
Rock Creek Drainage
Rock Creek Drainage
Rock Creek Valley Wall

Tributary of Walnut Creek

Tributary of Woman Creek

Tributary of Woman Creek (spring) !
Tributary of Woman Creek (spring)

Woman Creek Drainage

Offsite Gravel Pits
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7.0

71

7.1.1

Environmental matenals generated within work areas characterized as not potentially
contaminated and where no venified positive readings were detected on ficld monitors will be

considered uncontaminated and handled as described 1n following SOPs

SOP FO 5, Handling of Purge and Development Water

. SOP FO.6, Handling of Personal Protective Equipment

. SOP FO 7, Handling of Decontamination Water and Wash Water
. SOP FO 8, Handling of Drilling Fluids and Cuttings

. SOP FO 9, Handling of Residual Samples

DRUM RECEIVING, LABELING, AND HANDLING PROCEDURES

RECEIVING

Environmental drums can be obtained by contacting the EG&G project manager The amount
and type of drums required to perform the work should be specified by the subcontractor The
EG&G project manager will direct the subcontractor to the appropriate drum distribution

area An advance notice of two days 1s preferred

Drum Color Codes

EG&G has segregated drums into a color coding scheme for identification to ensure the
proper management of waste (RFPM MAT 20-005) The color code identifies the suspected
contaminant characterization of the materials within the drums The color scheme has been
modified to specifically address EM operations EM drums are gray and contain only
environmental materials pending analysis and characterization The types of EM drums are

as follows

¢ Gray Drums 1 Gray, 55-gallon, open top (removable top) drums will

be wused for the temporary containment of

(4011 REV)(FO10REV 1)(07/02/91)
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7.2

7.2.1

uncharacterized dnll cuttings and PPE These
environmental matenals are awaiting the results of

chemical analyses for contaminant characterization

2 Gray, 55-gallon, closed top drums will be used for
moving environmental liquids to the mamm EG&G

decontamination facility and emptied

Other closable transfer containers, appropriately sized for the volume of water generated by
the tasked activity, may also be used for moving environmental liquids associated with dnlling

activities to the holding tanks at the central decontamination facility

Uncontaminated disposable PPE and uncontaminated miscellaneous sohd environmental
maternials will be placed in garbage cans lined with plastic bags at the work area When full,

these plastic bags will be transferred to EG&G’s custody at a designated transfer area

MARKING

The subcontractor will give a sequential number for each gray drum received A two-letter
subcontractor ID will follow directly behind the drum ID number The letter ID will be chosen
by the subcontractor For example, "1326WC" would identify Drum Number 1326 handled by
Woodward-Clyde Additionally, an identifying marking will be associated with each drum A
Drum Field Log Form (Form FO 10A, see Section 7 0-Documentation) will be used by the
subcontractor to track each drum used for contaiming sohd environmental materials until

returned to EG&G

Environmental Liquids

Environmental hquds generated within the following work areas will be characterized as

potentially contaminated

(4011 REV)(FO10REV 1)(07/02/91)
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. Surface water and sediment sampling stations which have not been verified as

background locations

. Work areas where drilling activities are being conducted

These environmental hiquids will be placed 1n gray drums or appropriately sized hquid transfer
containers and moved by the subcontractor’s personnel Field personnel should decant the
environmental liquids from one drum (or contamer) to another (or from a trough to a drum
or transfer container) if the amount of sludge and sediment within the enviroamental hiquids
1s substantial The residual sediment will be contained 1n gray drums as described in
Subsection 632 The environmental liquids will then be brought to the central EG&G
decontamination facihity The decontamination facility will have an area specifically designed
to recewve environmental hquids The environmental hquids area will include a decanting
process to remove residual sludges and sediments remaining within the hquid The
subcontractor will empty the entire drum’s contents into this area The environmental hquids
will be pumped from the decanting area to holding tanks When a liquid holding tank 1s full,
an EG&G designated subcontractor will take a representative sample from the tank for volatile
organic analysis (sece SOP FO 12, Decontamination Facility Operations) Environmental
Iiquids must be transported to the 374 evaporator or the granulated activated carbon (GAC)

unmt within 90 days

The following marking and handling procedures apply to any containers used for moving

environmental hquds

. In addition to the ID number, the drums or liquid containers will be marked

with the words "NONPOTABLE PENDING ANALYSIS “

. A paint stick (or indehble marker) should be used to apply identifying marks
on hquid transfer containers to ensure that the markings will not be washed

away during decontamination or precipitation Paint should not be applied n

(4011 REV)(FO10REV 1)(07/02/91)




- P R Sy s -l o~

RECEIVING, LABELING, AND HANDLING ENVIRONMENTAL MATERIALS CONTAINERS

EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No FO 10, Rev 1
Page 13 of 19
Effective Date June 10, 1991
Category 2 Organmization Environmental Management

(4011 REV)(FOIO0REV 1)(07/02/91)

the wvicimity of sampling or field momtoring cvents to prevent cross-

contamination of samples

Identifying marks should be legible, approximately S inches high, and written

on two (opposite) sides and on the top of the container

An EG&G RPT or RPT designated representative will do a radiation screening
test on the exterior of the contamner before the container leaves the work area

If necessary, the extenor of the container will be decontaminated

Environmental hquids container hids will be secured before the containers are
moved Containers will be moved 1n trucks with enclosed sides and will not

be stacked

After the contammer’s contents have been emptied, the subcontractor’s
personnel will decontaminate the container prior to any additional use (see

SOP FO 3, General Equpment Decontamination)

Empty gray drums may be stored by the subcontractor at a designated location

in the work area Drums will be banded to prevent them from blowing away

The subcontractor will designate personnel to inspect the integrity of the
drums on a weekly basis Drums will be inspected for damage according to the
Hazardous Waste Requirements Manual (HWRM) Types of damage include
holes, damage to the Iid seal, or any other problem that may compromise drum
integrity The subcontractor will report as soon as possible to the EG&G
project manager or a designated EG&G representative any damage incurred
to a drum Damaged drums must have their contents transferred to an

undamaged drum The results of this inspection will be documented on a
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7.2.2

Drum Inspection Form (Form FO 10B, see Section 7 0-Documentation), dated,

and signed by the person performing the inspection

. Any contamers used off site, such as decontamination and wash water
containers, must meet DOT specifications for contamners, markings, and

labeling (see Subsection 6 3 2)

For surface water field activities 1n areas characternized as background stations
(uncontaminated), wash water and rinse water will be disposed of on the ground at least 50
feet from the sampling location such that the waste water cannot discharge into any stream,

pond, or other surface water impoundment

Wash water used to clean equipment, personnel, or vehicles during surface soil sampling or
groundwater samphng 1n work areas characterized as not potentially contaminated where no
vernified positive readings were detected on field monitors will be disposed of approximately
50 feet from the sampling location The disposal location must be at least 200 feet from any

stream drainage
Temporary Containment of Sol:d Environmental Materials Pending Characterization

Gray drums will be used for the temporary containment of solid environmental materals that
are pending characterization including drill cuttings and PPE  For drums that will contain
dnill cuttings, a liner will be placed 1n the drum and two hiters of desiccant will be placed 1n
the bottom of the drum Two additional liters will be put into the drum when the drum has
been filled half full Cuttings will be placed in the drum until the drum 1s full After filling,
gray drums will be sealed, marked, and placed on pallets Representative environmental
samples from an associated well, boring, or sampling location will be sent to an off site
laboratory for a full suite of analytical results to characterize these environmental matenals

The drums will remain at the drilling site until a Waste Operations storage area 1s available

(4011 REV)(FOI0REV 1)(07/02/91)
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At the ime Waste Operations notifies EM that space 1s available, the drums will be moved

to the transfer/storage area to await assessment of the associated environmental samples

The subcontractor will perform the following steps to ensure the proper handhing of the gray

drums until transferred to EG&G custody

(4011 REV)(FOI0REV 1)(07/02/91)

In addition to the drum number, the drums will be marked with the words
"ENVIRONMENTAL MATERIAL PENDING ASSESSMENT", the associated
well, boring, or sampling number and location, the word "SOIL", or "PPE" (for
disposable personnel protective equipment), as appropniate, the subsurface
mterval (if soil), and the date the drum was filled (Soils wmill not be
commingled with miscellaneous environmental materials or PPE within a

drum )

A paint stick (or indehble marker) should be used to apply 1dentifying marks
on drums to ensure that the marks will not be washed away during
decontamination or precipitation A pant stick should not be applied 1n the
vicinity of sampling or field monitoring events to prevent cross-contamination

of samples

Identifying marks should be legible, with characters approximately 5 inches

high, and written on two (opposite) sides and on the top of the drum
Gray drums will be placed on wood pallets at the drilling site

The appropriate information will be documented on the Drum Field Log Form

(Form FO 10A)

Gray drums will be transferred to EG&G’s custody at a designated

pickup/transfer area only after the drum’s contents have been charactenized
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The drums should be placed on wood pallets at the pickup/transfer area to

assist the transfer

An EG&G RPT or RPT designated representative will do a radiation screening
test on the extertor of the drum before the drum leaves the work area If

necessary, the exterior of the drum will be decontaminated

Drum hds will be secured and drums will be moved 1n trucks with enclosed

sides
A copy of the completed Drum Field Log Form (Form FO 10A) will be given
to the receiving EG&G Waste Operations personnel (see Section 70 -

Documentation)

Drums will be decontaminated prior to any reuse, and the old markings should

be spray-painted over and/or a new marking apphlied

A drum number should never be painted over or changed

When the validated chemical analyses from the environmental samples are received by EG&G,

Waste Operations will be sent a summary of the results from the EG&G project manager If

the drum’s contents are determined to be uncontaminated, the contents will be disposed of 1n

the landfill

If the drums are determined to contain hazardous substances, mixed substances, or radioactive

substances, the gray drums will be painted the appropriate color corresponding to the

characterization of the drum’s contents and labeled appropriately (See Section 7 3, Labeling,

below) by EG&G Waste Operations

(4011 REV)(FO10REV 1)(07/02/91)
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Field monitoring including OVDs and radiation detectors will be used during intrusive
activities regardless of the work area classification  SOP FO 8, Handling of Dnilling Fiuids and
Cuttings describes the use of field monitors for intrusive activities as well as verifying posttive

readings
LABELING

Gray drums contamming solid environmental matenals that have been characterized as
radioactive or mixed will be painted white If the drum’s contents have been characterized as
radioactive but not hazardous, the drum will be labeled with a "White 1" radioactive label If
the drum’s contents have been characterized as mixed, the drum will be labeled with an ORM-

E label per HWRM and the On-site Transportation Manual requirements

Gray drums containing solid environmental materials that have been characterized as
hazardous only will be painted white on the ends and black in the center These drums will
be labeled with an ORM-E sticker per HWRM and the On-site Transportation Manual

requirements
DOCUMENTATION

A permanent record of the implementation of this SOP will be kept by documenting field
observations and data Observations and data will be recorded on drum field log forms
Subcontracting personnel may also choose to document the observations and data in a personal
field notebook 1n addition to the field log forms If a field book 1s used, entries should be
made with a black waterproof ink pen The field notebook should be waterproofed and have

consecutively numbered pages

It 1s recommended that the subcontractor bring duplicate copies of the completed Drum Field

Log Form when transferring custody of waste drums to EG&G personnel Both copies should

(4011 REV)(FOLIO0REV 1)(07/02/91)
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be signed by the receiving EG&G representative  EG&G Waste Operations will retain one

signed copy and the subcontractor will retain the second signed copy in the project files

Drum forms will be kept 1n the subcontractor’s project files until the project 1s completed

All project files will be turned over to EG&G at this time (see SOP FO 2, Field

Documentation)
8.1 DRUM FIELD LOG FORMS

A Drum Field Log Form will be kept on each drum by the subcontractor from the time of

issuance until returned to an EG&G representative At a mimimum, the forms will include the

. following

. The name of the subcontractor 1ssued the drum

. The color of the drum

) The 1dentification number with the subcontractor’s ID

. The date the drum was 1ssued

. The location of the field activity area

. The contents of the drum (include the subsurface interval if contents are soils

from a well or boring)

‘ . The date the drum was filled
. The date the drum was decontaminated or returned to EG&G (include the
. EG&G facility where the drum was returned to)

(4011 REV)(FOL0REV 1)(07/02/91)
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83

8.4

Form FO 10A 1s an example of the Drum Field Log Form to be used Drum log forms must
be checked and updated immediately upon handling In addition to the drum marking, the
Drum Field Log Form will identify the drum and provide a history of the drum All the field
log forms combined will be used to track the movement of environmental materials generated

during EM field operations

DRUM INSPECTION FORM

The subcontractor 1s responsible for conducting monthly inspections of all the gray drums they
have been 1ssued until the drum 1s returned to EG&G Monthly inspections will ensure that
the integrity of the drums 1s maintained The Drum Inspection Form (Form FO 10B) will be

used to document these inspections

CONTAMINANT CHARACTERIZATION FORM

The Contaminant Charactenization Form (Form FO 10C) will be used for the characterization
of matenals that have been temporarily stored in gray drums until analytical results are
received Upon receipt of all the sample methods for each sample associated with the drum,
the subcontractor will submit the drum identification portion of the form along with the
analytical results to the EG&G project manager The drum contents will be characterized by
an EG&G representative based on the chemical analyses and returned to EG&G’s Waste

Operations personnel

COMPUTER LOG FORMS

All information found on drum field log forms may be entered into a computer database by
designated subcontractor personnel This will allow the immediate tracking of any
environmental drum used by a subcontractor during EM field activities and will provide a

backup to the field log forms

(4011 REV)(FOI0REV 1)(07/02/91)
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FORM FO 10B
DRUM INSPECTION FORM
DRUM ID NUMBER/SUB ID
INSPECTION DATE STATUS INSPECTOR’S SIGNATURE

(4031 REV)(FORMFOI0AB WK1)(6/7/91)
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U S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM FO 10C

!
. CONTAMINANT CHARACTERIZATION FORM
FOR GRAY DRUMS PENDING CHARACTERIZATION

ATTACH CHEMICAL RESULTS OF ASSOCIATED SAMPLES

THIS PORTION WILL BE COMPLETED BY SUBCONTRACTOR
Name of the Subcontractor Issued the Drum
The serialized Drum ID number with the
Subcontractor’s ID
The Date the Drum Was Taken to a Field Activity
The Location of the Field Activity Area
The Contents of the Drum
(Subsurface Intervals, if Soils)
| (Bag #s, if PPE)

The Date the Drum was Filled
The Associtated Well, Boring, or Sample location
Matrix of Sample Analyzed

‘ Sample ID #s

| Intervals Sample was Taken From

Date Submitted to EG&G for Characterization
Subcontractor’s Representative Signature

THIS PORTION WILL BE COMPLETED BY EG&G
The Contaminant Characterization of the Drum’s Contents
| Signature of EG&G Representative Determining the
Contaminant Characterization and Date Signed

Date

EG&G Holding Facility Where Drum Will be Stored

Date and Time Form Returned to Waste Operations Date Time

(4011-REV)(FO10REV 1)(07/02/91)
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APPENDIX A

TABLE Al
ROCKY FLATS PLANT
INDIVIDUAL HAZARDOUS SUBSTANCE SITES

REF NO SITE NAME
101 207 SOLAR EVAPORATION PONDS
102 OIL SLUDGE PIT
103 CHEMICAL BURIAL
104 LIQUID DUMPING
105 OUT-OF-SERVICE FUEL TANKS

1051 - WESTERNMOST TANK
105 2 - EASTERNMOST TANK

106 OUTFALL

107 HILLSIDE OIL LEAK
108 TRENCH T-1

109 TRENCH T-2

110 TRENCH T-3

TRENCHES T-4 TO T-11

1111 TRENCH T-4

111 2- TRENCH T-5
1113 TRENCH T-6

. 111 4 TRENCH T-7

1115 TRENCH T-8

1116 TRENCH T-9

1117 TRENCH T-10
111 8 TRENCH T-11

112 903 DRUM STORAGE AREA
113 MOUND AREA

114 PRESENT LANDFILL

115 ORIGINAL LANDFILL

116 MULTIPLE SOLVENT SPILLS

116 1 WEST LOADING DOCK AREA
116 2 SOUTH LOADING DOCK AREA

Note This information 1s based on the administrative record including the information submitted 1n
the hazardous and low-level mixed waste Part B application dated November 1, 1985, as modified by
the subsequent revision dated November 28, 1986, as modified by the subsequent revision dated
December 15, 1987, and the transuranic mixed waste Part B application submitted July 1, 1988,
Thereafter referred to as the apphications This information 1s also based on independent review of
historical aerial photographs of the facility and independent review of facility submattals

(4011-REV)(FO10REV 1)(07/02/91) Page A-1 of A-6
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TABLE A1 (cont)

INDIVIDUAL HAZARDQUS SUBSTANCE SITES

REF NO SITE NAME
117 CHEMICAL STORAGE

1171 NORTH SITE
1172 MIDDLE SITE
1173 SOUTH SITE
118 MULTIPLE SOLVENT SPILLS
1181 WEST OF BUILDING 731
1182 SOUTH END OF BUILDING 776
119 MULTIPLE SOLVENT SPILLS
1191 WEST AREA
1192 EAST AREA
| 120 FIBERGLASSING AREAS
| 1201 NORTH OF BUILDING 664
120 2 WEST OF BUILDING 664

121 ORIGINAL PROCESS WASTE LINES
122 UNDERGROUND CONCRETE TANK
123 VALVE VAULT 7

1231 VALVE VAULT 7
! 4,000 GALLON TANK #67)
' 125 HOLDING TANK
126 OUT-OF-SERVICE PROCESS WASTE TANKS
126 1 WESTERNMOST TANK
126 2 EASTERNMOST TANK

127 LOW-LEVEL RADIOACTIVE WASTE LEAK
128 OIL BURN PIT NO. 1

129 OIL LEAK

130 RADIOACTIVE SITE - 800 AREA SITE #1
131 RADIOACTIVE SITE - 700 AREA SITE 31
132 RADIOACTIVE SITE - 700 AREA SITE #4
133 ASH PITS

1331 ASH PIT 1-1

1332 ASH PIT 1-2

1333 ASH PIT 1-3

1334 ASH PIT 1-4

133 5 INCINERATOR

133 6 CONCRETE WASH PAD
134 LITHIUM METAL DESTRUCTION SITE
135 COOLING TOWER BLOWDOWN

(4011 REV)(FOI0REV 1)(07/02/91) Page A-2 of A-6
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REF. N

136

137
138
139

140
141
142

141
142

143
144
145
146

147

148
149

(4011 REV)(FO10REV 1)(07/02/91)

TABLE A1l (cont )
INDIVIDUAL HAZARDOUS SUBSTANCE SITES

SITE NAME

COOLING TOWER PONDS
136 1 NORTHEAST CORNER OF BUILDING 460
1362 WEST OF BUILDING 460

1363 S OF BLDG 460, W OF BLDG 444
COOLING TOWER BLOWDOWN - BLDG 774
COOLING TOWER BLOWDOWN - BLDG 779
CAUSTIC/ACID SPILLS

139 1. HYDROXIDE TANK AREA

130 2 HYDROFLUORIC ACID TANKS
REACTIVE METAL DESTRUCTION SITE
SLUDGE DISPERSAL

RETENTION PONDS (A,B,C-SERIES)
1421 A-1 POND

METAL DESTRUCTION SITE

SLUDGE DISPERSAL

RETENTION PONDS (A,B,C-SERIES)
142.1 A-1 POND

1422 A-2 POND

142 3- A-3 POND

142 4. A-4 POND

1425 B-1 POND

1426 B-2 POND

142.7 B-3 POND

1428 B-4 POND

1429 B-5 POND

14210 C-1 POND

14211 C-2 POND

142 12 NEWLY IDENTIFIED A-5 POND
OLD OUTFALL

SEWER LINE BREAK

SANITARY WASTE LINE LEAK
CONCRETE PROCESS WASTE TANKS
146 1 7,500 GALLON TANK (#31)

146 2 7,500 GALLON TANK (432)

146 3 7,500 GALLON TANK (*34W)

146 4 7,500 GALLON TANK (#34E)

146 5 3,750 GALLON TANK (*30)

146 6 3,750 GALLON TANK (#33)
PROCESS WASTE LEAKS

1471 MAAS AREA

1472 OWEN AREA

WASTE SPILLS

EFFLUENT PIPE

Page A-3 of A-6
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‘ REF, NO

150

‘ 151
152
153
154
155
156

157

158
159
160
161
162
163

164

165
166

167

@ .

(4011 REV)(FO10REV 1)(07/02/91)

TABLE A1 (cont)
INDIVIDUAL HAZARDOUS SUBSTANCE SITES

SITE NAME

RADIOACTIVE LIQUID LEAKS (8)

150 1 NORTH OF BUILDING 771

150 2 WEST OF BUILDING 771

150 3 BETWEEN BUILDINGS 771 ant 774
150 4 EAST OF BUILDING 750

150 5 WEST OF BUILDING 707

150 6 SOUTH OF BUILDING 779

150 7 SOUTH OF BUILDING 776

150 8 NORTHEAST OF BUILDING 770
FUEL OIL LEAK

FUEL OIL TANK

OIL BURN PIT NO 2

PALLET BURN SITE

903 LIP AREA

RADIOACTIVE SOIL BURIAL

156 1- BUILDING 334 PARKING LOT

156 2 SOIL DUMP AREA
RADIOACTIVE SITE

1571 NORTH AREA

1572 SOUTH AREA

RADIOACTIVE SITE - BLDG 551
RADIOACTIVE SITE - BLDG 559
RADIOACTIVE SITE - BLDG 444 PK LOT
RADIOACTIVE SITE - BLDG 664
RADIOACTIVE SITE - 700 AREA SITE #2
RADIOACTIVE SITE - 700 AREA SITE #3
1631 WASH AREA

163 2 BURIED SLAB

RADIOACTIVE SITE - 800 AREA SITE #2
1641 CONCRETE SLAB

164 2 BUILDING 886 SPILLS

164 3 BUILDING 889 STORAGE PAD
TRIANGLE AREA

TRENCHES

1661 TRENCH A

166 2 TRENCH B

1663 TRENCH C

SPRAY FIELDS - THREE SITES

1671 NORTH AREA

1672 POND AREA

1673 SOUTH AREA

WEST SPRAY FIELD

Page A-4 of A-6
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170

171

172

173

174

175

| 176
177

178

‘ 179
[ 180
| 181
182

183

184

185

| 186
| 187
e :
189

190

191

192

193

194

195

196

197

198

199

200

| 201
202

203

204

205

206

207

208
| . 209
! g 210
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TABLE A1l (cont )

INDIVIDUAL HAZARDOUS SUBSTANCE SITES

‘ REF NO SITE NAME

WASTE DRUM PEROXIDE BURIAL

PU & D STORAGE YARD - WASTE SPILLS
SOLVENT BURNING GROUND

CENTRAL AVENUE WASTE SPILL
RADIOACTIVE SITE - 900 AREA

P U &D CONTAINER STORAGE FACILITIES (2)
S&W BLDG 980 CONTAINER STORAGE FACILITY
S&W CONTRACTOR STORAGE YARD
BUILDING 885 DRUM STORAGE AREA
BUILDING 881 DRUM STORAGE AREA
BUILDING 865 DRUM STORAGE AREA
BUILDING 883 DRUM STORAGE AREA
BUILDING 334 CARGO CONTAINER AREA
BUILDING 444/453 DRUM STORAGE AREA
GAS DETOXIFICATION AREA

BUILDING 991 STEAM CLEANING AREA
SOLVENT SPILL

VALVE VAULT 12

ACID LEAKS (2)

ACID LEAK

MULTIPLE ACID SPILLS

CAUSTIC LEAK

HYDROGEN PEROXIDE SPILL

ANTIFREEZE DISCHARGE

STEAM CONDENSATE LEAK

STEAM CONDENSATE LEAK

NICKEL CARBONYL DISPOSAL

WATER TREATMENT PLANT BACKWASH POND
SCRAP METAL SITES

VOCs IN GROUND WATER

CONTAMINATION OF THE LAND SURFACE
GREAT WESTERN RESERVOIR

STANDLEY RESERVOIR

MOWER RESERVOIR

INACTIVE HAZARDOUS WASTE STORAGE AREA
ORIGINAL URANIUM CHIP ROASTER

BLDG 460 SUMP 43 ACID SIDE

INACTIVE D-836 HAZARDOUS WASTE TANK
INACTIVE 444 ACID DUMPSTER

INACTIVE 444/447 WASTE STORAGE AREA
SURFACE DISTURBANCE SOUTHEAST OF BLDG 881
UNIT 16, BUILDING 980 CARGO CONTAINER

Page A-5 of A-6




TABLE A1 (cont)
INDIVIDUAL HAZARDOUS SUBSTANCE SITES

. REF NO SITE NAME
211 UNIT 26, BUILDING 881 DRUM STORAGE
212 UNIT 63, BUILDING 371 DRUM STORAGE
213 UNIT 15, 904 PAD PONDCRETE STORAGE
214 UNIT 25, 750 PAD PONDCRETE AND SALTCRETE STORAGE
215 UNITS 55 13, 55 14, 55 15, 55 16 -
TANKS T-40, T-66, T-67, T-68
216 EAST SPRAY FIELDS

2161 NORTH AREA
216 2 CENTER AREA
2163 SOUTH AREA
217 UNIT 32, BUILDING 881, CN- BENCH SCALE TREATMENT

.

(4011-REV)(FOI0REV 1)(07/02/91) Page A-6 of A-6
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2.0

3.0

PURPOSE AND SCOPE

This standard operating procedure (SOP) describes procedures that will be used at the
Rocky Flats Plant (RFP) to provide an orderly method by which field data will be
recorded, entered into electronic form, validated, transferred, and filed This applies to
field data generated by any field-related samphing actiities performed for the Rocky Flats
Environmental Management (EM) Program This procedure encompasses the data
handling process from the point of data collection by field personnel to the filing and

transmission of data to EG&G personnel

This SOP describes hardware and software requirements, field data collection, data entry,

data validation, data archiving, and filing that will be used for field data collection and
documentation to attain acceptable standards of accuracy, precision, comparability,

representativeness, and completeness
RESPONSIBILITIES AND QUALIFICATIONS

The designated subcontractor has the overall responsibility for implementing this SOP.
The subcontractor’s project manager will be responsible for assigning project staff to
implement this SOP and for assuring that the procedures are followed by all subcontractor

personnel

The personnel responsible for maintaining the data in the data base shall have, at a
mimmum, a two-year degree in Computer Science or 4 years relevant experience, a
working knowledge of DOS, data bases, Lotus 1-2-3, and personal computers If personnel
are used who do not have this background, appropriate training will be provided by the

sub-contractor

(4011 REV)(FO14REV 1){06-06-91)
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4.0

4.1

A designated EG&G subcontractor shall be responsible for mamntamning the custom
designed RFEDS data base This subcontractor will also provide timely updates and fixes
to the software Any program updates will be provided to all subcontractors who are

required to use the RFEDS data base.
REFERENCES
SOURCE REFERENCES

The following 1s a list of references reviewed prior to the writing of this procedure

A Compendium of Superfund Field Operations Methods EPA/540/P-87/001 December

1987

Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA

Interim Final October 1988

RCRA Facility Investigation Guidance. (EPA). Interim Final May 1989

Rocky Flats Plant Environmental Restoration Program, Quality Control Plan Rockwell

International January 1989

The Environmental Survey Manual DOE/EH-0053 Volumes 1-4 August 1987

Rocky Flats Environmental Data System, Users Manual Rockwell InternatioNal June
1990

(4011 REV)(FO14REV 1)(06-06-91)
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42 INTERNAL REFERENCES

Related SOPs cross-referenced 1n this SOP are as follows

. SOP FO 13, Containenzing, Preserving, Handling, and Shipping of Soil and Water
Samples

. SOP GW 1, Water Level Measurements 1n Wells and Piezometers

. SOP GW 4, Collection of Tap Water Samples

. SOP GW 6, Groundwater Sampling

® SOP GW 8, Installation, Operation, and Samphng with So1l-Water Samplers

. SOP GT 1, Logging Alluvial and Bedrock Materal

. SOP GT 2, Driling and Sampling Using Hollow-Stem Auger Techniques

. SOP GT 4, Rotary Dnlling and Rock Coring

. SOP GT 7, Logging of Test Pits and Trenches

. SOP GT 8, Surface Soil Sampling

. SOP GT 9, Soil Gas Sampling and Field Analysis

SOP SW 4, Surface Water Discharge Measurements

(4011 REV)(FO14REV 1)(06-06.91)
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5.0 PROCEDURES

51

This procedure 1s based primarily on the Rocky Flats Environmental Data System User’s

Manual and conversations held with representatives from EG&G

HARDWARE AND SOFTWARE REQUIREMENTS

The purpose of this section 1s to define the minimum computer system required for the

entry and transfer of the field data to EG&G

80286 based micro computer

1 parallel port

5 1/4 high density disk drive or 3 1/2 high density disk drive
40 MB hard-disk drive

EGA or VGA momitor and compatible drive
80-column printer

4MB RAM memory

Autocad - version 10.0 or higher

Oracle database software - version 5 1C or higher
Lotus 1-2-3

DOS, version 3.31 or higher

Maynstream 60 tape drive backup or equivalent

These requirements may be changed, when necessary, by RFP to comply with their

available data transfer needs RFP will inform all subcontractors of any necessary changes

by way of a memo

(4011 REV)(FOMREV 1)(06-06-91)
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52 FIELD DATA COLLECTION

53

All data collected from the field will be recorded on preprinted forms At a minimum, the
sample number, site designation, and initials of the collector should be recorded on the
form To the extent possible, the format of the form should be 1n the same order as the
electronic form 1n the data base This should assist the field personnel in entering data
mto the data base with more efficiency and accuracy See Section 7 0 for samples of the

field data forms
DATA RECEIPT AND COMPLETENESS CHECK

The purpose of the receipt and checking is to start the vahhdation process by receiving and
briefly reviewing the data The preliminary validation should be conducted as soon as
possible after receipt of the completed data forms. This task ensures that the forms are

complete before entry into the data base

. The ficld data form should be delivered to the designated staff person by
the field personnel by the end of each day of field operations

o The designated staff person receiving the form should imtial and date the

form upon receipt

. Upon receipt, all forms should be checked for completeness The Site
Supervisor should be consulted to venify that all of the field forms have
been received At this time, any discrepancies should be discussed with
the field personnel and clanfied or completed immediately Any changes
to the field forms will be 1nitialed and dated by the person making the

changes

(4011 REV)(FO14REV 1)(06-06-91)
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- Field data transmittal form

- Appropnate field data forms, depending on the samphing activity
TECHNICAL DATA VALIDATION

When the data completeness has been verified, a technical validation should be performed
on the data by a qualified validator. This person should be able to technically review the
data to ensure that the data are consistent with known chemical and physical properties
of the media being sampled For example, if the dissolved oxygen has a reading of 15,
therc is an indication of a problem since this is above the level of saturation The
validator should check all calculations and reported units and all of the data on all of the
forms. If the validator detects an error 1n the data report sheet, the vahidator must confer
with the samples and the project manager prior to changing any information Any change

made must be reflected in the project manager’s logbook
DATA ENTRY

Once the field data have been reviewed and found to be complete, the data should be
input to the Rocky Flats Environmental Data System (RFEDS) with the menu-driven data
base program provided by International Technology Since this SOP 1s not intended to be
a user’s manual, please refer to the Rocky Flats Project Data base User’s Manual for

specific questions regarding the use of the data base software

(4011 REV)(FO4REV 1)(06-06-91)
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5.6

5.6.1

Field tracking information should also be entered at this time into the Lotus 1-2-3 form

provided by EG&G This form will track only a few pieces of data, including

. Sample number

J Sample location

. Bottle code and analyte

. Sampler’s imtials

. Date sampled

. Date shipped

. Lab

. Chain of custody number
DATA VALIDATION

This step ensures that the data recorded 1n the electronic data base are the same as the

data recorded on the field data forms

Field Data

When all of the data for the day have been entered into the data base, the data should be
printed using the report option of the data base program The reports should then be
delivered along with the original field data forms to the designated data validation person
Under no circumstance should the data validator be the same as the person who entered

the data originally

The original field data form and the printed report should be compared for accuracy If
transcription errors are found, the errors should be highlhighted on the printed report and
returned to the data entry person for corrections A new copy of the report should be

generated at this time and the old copy destroyed This process should be repeated until

(4011 REV)(FO14REV 1)(06-06-91)
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5.6.2

5.7

the printed reports match the field data forms When the vahidation process 1s complete,

the validator should inmitial and date both the oniginal field forms and the printed report

Tracking Data

The next subtask 1s to enter the sample tracking information into the Lotus spreadsheet
Always keep one copy of this Lotus form available 1n its original form This form should

be used as a template and copied each week to a new file to be used that particular week

When all of the appropriate data are entered into the Lotus tracking form, it should be
printed and given to the person responsible for vahdating the data. This subtask should
be done at the same time as the field data reports Under no circumstance should the

data validator be the same as the person who entered the data originally

When the validation process is complete, the printed form should be imtialed and dated

by the validator.
DATA ARCHIVING AND FILING

Upon completion of the daily vahdation, a copy of field data reports should be made The
imtialed, dated reports should then be filed with the original field data forms A copy of
the nitialed and dated computer printed report will be sent to EG&G 1n the weekly data

package

At the end of each week, when all field data have been validated for the week, the data
base should be archived by using the archive option The RFEDS program will make a
copy of the electronic data on diskette This diskette 1s to be labeled with the type of data

it contamns e g soil boring data, well data, etc The tracking data should also have been

(4011 REV)(FO14REV 1)(06-06-91)
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58

6.0

vahidated at this point. A copy of the file containing the tracking data should also be made
on diskette Be sure to use only 3%-inch double-sided, double-density diskettes for ail

disks to be sent to EG&G

The onginal data diskette containing the data base data, the tracking data diskette, along
with all of the original data base reports and the ficld data transmittal forms should be
hand-delivered to the designated EG&G representative A duplicate copy of these
diskettes should be made at this time and filed with the original field data forms and the
copies of the vahidated, initialed, and dated reports A paper copy of the tracking data 1s

kept on file for quick reference

The oniginal data base data remains on the hard disk 1n an archived form until the next
set of data 1s archived At this point, the new archive will QVERWRITE the old archive.
This 1s the primary reason for copying the data to a diskette at the same time as the
diskette 1s prepared for EG&G. The computer will be backed up weekly, using a tape

drive

SECURITY

The computers will be kept 1n a secure location and locked when not 1n use The data
base itself wall utilize a password security system The passwords required shall be known
only to the personnel who enter the data onsite, the onsite manager, and a representative

of EG&G
DOCUMENTATION
A permanent record of the implementation of this SOP will be kept by documenting field

observations and data on field data forms, and validation observations in a data validation

notebook Field observations and data will be recorded with black waterproof ink on field

(4011 REV)(FOI4REV 1)(06-06-91)
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7.0

data forms Data validation observations will be recorded with black waterproof 1nk 1n a
bound observation notebook with consecutively numbered pages Documentation of the

validation of the data base and the tracking data should be recorded and include the

following data

. Date of validation
. Initials of the validator
. Date delhivered to EG&G

The task manager will be responsible for ensuring that this documentation 1s completed
See Section 7 0, Forms for examples of the data forms

FORMS

The following data management forms are the current RFEDS requested field data as of
February 1991 Data are collected 1n compliance with the related SOP Each SOP will
include a copy of the appropriate data forms Forms for the collection of soil and rock
boring data have currently not been developed Those data base modules are currently 1n

the process of completion
The current RFEDS data base does not address all the parameters which are collected in
the field These additional parameters are 1n the field data sampling forms included in the

cross-referenced SOPs Additions to the RFEDS program can capture and maintain this

data
Included within this SOP are the following preliminary forms

. Form FO 14A Transmittal Form (RFEDS)

(4011 REV)(FOM4REYV 1)(06-06-91)
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. Form FO 14B Groundwater Data Collection Form
; . Form FO 14C Groundwater Level Measurement Data Collection Form
. Form FO 14D Sediment Data Collection Form
. Form FO 14E Surface Soil Data Collection Form
. Form FO 14F Sub-Surface Soil Data Collection Form
. Form FO 14G Surface Water Data Collection Form
| . Form FO 14H Air Sampling Data Collection Form

! (4011 REV)(FOI4REV 1)(06-06-91)




O TR T rd
L i@?“‘“

U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

ROCKY FLATS ENVIRONMENTAL DATA SYSTEM
FIELD DATA TRANSMITTAL FORM

FORM FO 14A

Type of Form (check one)

Sol Bormg . ......

Rock Boring .. . .. ...l el
Groundwater Sampling

Surface Water Sampling . .. .

0 0 0o o a

Sediment Sampling

Q

Groundwater Level Measurements .. ...... ....... ....
Sub-Surface Soil Sampbng ..... ..... ...... . .
Surface Soil Sampling ... .... ....... .. .....
(initials)

Total Number of Forms Sampler

Sample # Location Code

Computer Entry and Vahdation

Data Entered by
Data Validation
Techmcal Validation

Delvery to EG&G

Received by

(4011454 (FORMLI4AX(6/10/91)
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. US DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM FO.14B

Groundwater Sampling Field Data Collection Form

Sample Number
Well Number

Collection Date Quarter
Collection Time .........cccccn.n e e
Type GwW

Purpose .

Collection Techmque
QC Type QC Partner

Volume Collected Units

Sample Team Leader
Sample Team Member
Sample Team Member
Prepared By

Purge Volume . . Units(gal/cu ft)
Purge Rate . Units
Purging Method

. Depth to Water feet

Ficld Analytical Parameters

Specific Conductance uS/cm pH

Conductivity Umts _ eH

Conductivity Temp uS/cm pH

Sample Temp Umts ____ cH mV
Dissolved Oxygen mg/L Color

Hcadspace Reading Odor

Total Alkalimity mg/L Turbidity NTU
Sample Filtered (Y/N) Nitrate mg/L

(4011 REV)(FOI4REV 1)(06-10 91)




US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM FO 14C
GROUNDWATER LEVEL MEASUREMENT
FIELD DATA COLLECTION FORM
DEPTH TO
WELL WATER MEASURED BY COMMENTS
NUMBER DATE FD) (UP TO 25 CHARS) (UP TO 50 CHARS)
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM FO 14D

SEDIMENT FIELD DATA COLLECTION FORM

Sample No
Collection Date
Collection Time

Type .

LocaionCode ...........

Quarter. __

Northor Y ......

..... : East or X_

Sample Location . ........:

Composite (Y/N)

Composite Description . . ..

QC Type . ..
Collection Method

Sample Team Leader .....:

Sample Team Member

Sample Team Member ...."

Volume Collected ..
Prepared By

QC Partner

-----

Units

Depth of Water .. .
Depth of Take .
Comments:

feet

Matrix

Request for Analysis No.:
Chain of Custody No.
Ship Date

Test Panels

Laboratory Preservative Due Date

Additional Comments

Signature of Observer

(40114S4)(FORMI 14D)(6/10/91)
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US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM FO 14E
. SURFACE SOIL FIELD DATA COLLECTION FORM
Sample No
Collection Date Quarter __
Collection Time .
Type .. .. SO Purpose: __
Location Code
Northor Y. .. . East or X
Sample Location . ..... ..:
Composite (Y/N) —_—
Composite Description ... :
QC Type . QC Partner
Collection Method ..
Sample Team Leader . -
Sample Team Member . .
Sample Team Member . .:
Volume Collected . . . : Umits
Prepared By . . .
Depth of Take .... ....- Start End
feet feet
feet feet
feet feet
feet feet
Headspace Reading  .....: ppm
Comments;
Matrix:
Request for Analysis No.:
Chain of Custody No.:
Ship Date:
Test Panels Laboratory Preservative Due Date
. Additional Comments
Signature of Observer Time Date




US DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM IO 14F

. SUB-SURFACE SOIL FIELD DATA COLLECTION FORM
Sample No . . e .
Collection Date . Quarter: __
Collection Time ..
Type . <« .. .. SB Purpose __
Location Code
NorthorY. . .. ...: East or X.
Sample Location  .......
Composite (Y/N) .. .....: __
Composite Description . . .
QC Type . .. e e eat QC Partner
Collection Method .
Sample Team Leader ......
Sample Team Member ....:
Sample Team Member . . :
Volume Collected . eest Units
PreparedBy .. ... ...:
Soill Type .. .... ..... :
Depth of Take ..........: Start End

feet feet
feet feet

- feet feet
. - feet ____ feet
HNU Background . . ..: ppm
Reading ............... : ppm
OVA Background .. ...: ppm
Reading .. . . . . ...: Ppm
Comments
Matrix
Request for Analysis No :
Chain of Custody No.-
Ship Date.
Test Panels Laboratory Preservative Due Date

Additional Comments

Signature of Observer- Tme. Date

(4011454} (FORM1.14F)(6/10/91)




U.S DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM FO 14G

SURFACE WATER DATA COLLECTION FORM

Sample No
Collection Date Quarter __
Collection Time
Type sw Purpose __
Location Code
North or Y - Bastor X
Sample Location
Composite (Y/N) -
Composite Description -
QC Type QC Partaer .
Collection Method
Sample Team Leader
Sample Team Member
Sample Team Member
Volume Collected Umits.
Prepared By
Stream Conditions
Type of Water Body Dry (Y/N) .
Depth of Take fect Stream Width
Flow Rate . - Total Depth
Flow Rate Method
Tield Analytical Parameters
Eh mV Dissolved Oxygen ppm
pH . . Dissolved Oxygen Temp.
Speaific Conductance umhos/cm  Chlonne . —
Air Temperature (F/C) C.  End point #1 -
Sample Unit Temperature (F/C) C.  End point #2 —_
End point #3 e eee ese
Total Alkahinity —
Comments.
Matnx:
Request for Analysis No..
Chain of Custody No..
Ship Date.
Test Pancls Laboratory Preservative Due Date
Additional Comments:
Signature of Observer Time Date

(4011454)(FORM1 14G)(6/10/91)
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PURPOSE AND SCOPE

This standard operating procedure (SOP) 1s part of the Rocky Flats Environmental Management
(EM) Program Samphng Analysis Plan (SAP) The SAP includes the Quahty Assurance Project
Plan (QAP)P) and SOPs, which are program-wide documents that are not project-specific. These
program-wide documents have been reviewed and approved by the Environmental Protection
Agency (EPA) and the Colorado Department of Health (CDH) for EM activities at Rocky Flats

Project-specific requirements are described m individual project work plans that include a Field
Samplhing Plan (FSP) The FSP will include or reference the apphcable program SOPs
Procedural detais not covered by the program-wide SOPs will be provided in SOP addenda
(SOPAs) In general, an SOPA will conform with the ongmal SOP but wll be project-speafic.
The SOPAs will be an attachment to the FSP and must accompany the FSP and SOPs during field

operations

The project-speafic SOPAs, of required, will be prepared by the subcontractor designated to
prepare the work plans

Over the penod of the last few years, it has become apparent that a standardized procedure 1s
needed for logging alluvial and bedrock matemal This need has arisen because each
subcontractor has shghtly different procedures and critena for logging borehole matenal
Beginning m 1991, all subcontractors will use the procedures that are covered mn thuis SOP

By applying these techmiques and procedures, it will be possible to standardize the logging of
alluvial and bedrock matenals In addition, the number of errors and the amount of relogging
will be reduced This will allow hithologic descriptions to be compared from year to year and wall
enable the environmental management staff on the Rocky Flats Plant (RFP) site to make

mnterpretations based on rehable data

(4011 REV)(GTIREV 1)(06/07/91)
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On the RFP site, "alluvial matenal” includes alluvium, colluvium, fill, and agronomic sois
Samples of alluvium, colluvium, fill, and agronomic soils are to be classified and described using
the Umfied Soil Classification System (US CS) and enhanced by Item 101 1n ASTM D2488,
"Description and Identification of Soils (Visual-Manual Procedure) " Bedrock material, regardless
of the degree of weathering, 1s to be classified and described by using many of the procedures and
techmques descibed in Compton’s "Manual of Field Geology" (1962), which has been
mcorporated with additional maternal in this SOP

RESPONSIBILITIES AND QUALIFICATIONS

The EG&G project manager has the overall responsibility for implementing this SOP  The
subcontractor’s project manager will be responsible for assigning project staff to implement this
SOP and for ensuring that the procedures are followed by all subcontractor personnel.

All personnel performing these procedures are required to have the appropriate health and safety
tramng as speafied in the site-speafic Health & Safety Plan. In addition, all personnel are
required to have a complete understanding of the procedures described withun thuis SOP and
recerve specific traming regarding these procedures, if necessary

Only qualified personnel will be allowed to perform these procedures Required quabfications
vary depending on the activity to be performed In general, qualifications are based on education,
previous experience, on-the-job traimng, and supervision by qualified personnel Personnel who
log alluwial borcholes must study the RFP Alluvial Reference Set that contains examples of all 15
sample classifications within the US CS System Personnel who log bedrock boreholes must be
qualified geologists or geologic engineers, who have received special permussion to log bedrock
holes All of the loggers must study the Core Reference Set that contains 15 representative
samples of the stratigraphic section 1n the RFP area In addition they must also study the Alluvial

Reference Set These reference sets are used as traiming guides to help ensure consistency among

(4011 REV)(GTIREV 1)(06/06/91)
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41

logging geologists The subcontractor’s project manager will document personnel quahfications
related to this procedure 1n the subcontractor’s project Quality Assurance (QA) files

All project staff are responsible for reporting deviations from this SOP to the individual’s project
manager The subcontractor’s project manager will report deviations and nonconformances to

the EG&G project manager

When field conditions require deviations from the SOP or SOPA, a Procedural Deviation Notice
(PDN) will be authorized by an EG&G EMAD logging supervisor An EG&G ER Department
Admmistrative Procedure outlines the PDN approval process

REFERENCES
SOURCE REFERENCES
ASTM for 1cle - Size Analysis of Sol il and Rock Dimensi tone an

Synthetics Vol 0408 Sec. D422, 1939

ASTM Pl‘ Al . ) and ! \ i) ring P [DOS adi=
i etics Vol. 0408 Sec.

Blatt, H, Middleton, G, Murray, R Ongmn of Sedimentary Rocks Prentice-Hall 1972
Compton, Robert R Manual of Field Geology John Wiley & Sons, Inc 1962

Harlan, R L., Kolm, K.E, Gutentag, E D. Water-Well Design and Construction Development
in Geotechnical Engineering, #60 Elsevier 1989
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51

51.1

Krumbemn, W C, Pettijohn, FJ Manual of Sedimentary Petrography Appleton-Century-Crofts
1966

Unified Soil Classification System Appendix A__Charactenistics of Soil Groups Pertaimng to

and Airfields (U S) Army Engineer Waterways Experiment Station Vicksburg, MS 1960

CLASSIFICATION/DESCRIPTION

UNIFIED SOIL CLASSIFICATION SYSTEM (US.C.S)

The USCS classification system will be used at RFP The US CS, as used i this SOP, has
been modified from the Army Corps of Engineers’ Techmical Memorandum No 3-357, "The
Unified Soil Classification System” (1960) The hquid mat, dilatancy, and dry strength are not
included because they are neither practical to do in the field nor applicable to hydrogeologic
logging. A reprint of the U.S C.S 1s enclosed in Appendix GT 1A

Basis of Classification

The US CS Mhistorically has been used to classify "soils” based on their textural properties, hquid
hmit, and organic content In the past the term "soil" has been used by engineers as a catchall
term that includes all unconsolidated matertal Because engineers are concerned with how the

soil behaves as a construction matenal, this all-inclusive approach has served them quite well

However, 1n this SOP, the US CS will be applied only to alluvium, colluvium, fill, and agronomic
sotls Ths has been done to separate unconsohdated cover matenal from bedrock that has well-
defined sedimentologic and depositional patterns, regardless of the degree to which the bedrock

has been weathered In the RFP area, it 1s more important to determine the possible paths of

(4011 REV)(GTIREV 1)(06/07/91)
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5121

groundwater movement based on geologic processes than 1t 1s to determme the engmeering

properties of weathered bedrock based on 1ts physical behavior

Texture

ramn Si ]

The USCS has a gram size scale that 1s divided mnto four main categories (1) cobbles, (2)
gravel, (3) sand, and (4) fines The gravel, sand, and fines are subdimided nto coarse and fine
gravel; coarse, medium, and fine sand, and silt and clay

Table GT 1-1 1s a summary of the US CS gram size scale as well as the Wentworth, Atterberg,
and US. Department of Agnculture gran size scales (Krumbem and Pettijohn 1966, and
Compton 1962)

Neither the U.S CS. nor the US Department of Agriculture gramn size scales have a common
base However, both the Wentworth and the Atterberg grain size scales are geometric senes with
a base of 2 and 10, respectively

Finally, it should be noted that the division between sand and silt varies from scale to scale This
makes 1t somewhat difficult to compare the US CS gran size analyses with analyses based on
other scales Most geotechmcal laboratories show only the US CS grain size ranges on the
graph paper Figure GT 1-1 1s a modified graph that shows both the US CS and Wentworth
grain size ranges ASTM D422, "Particle-Size Analysis of Souls,” should be used to perform the
grain size analyses but should be modified to include a 230 sieve

(4011 REV)(GTIREV 1)(06/06/91)
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TABLE GT 1-1
Grain Size Scales (millimeter[mm])
USCS Wentworth Atterberg US. Dept Ag Component
>762 256-64 200-20 >80 Cobbles
- 64-32* - - V C. Gravel
76.2-19 32-16* - - C. Gravel
- 16-8* 20-2* 80-2 M Gravel
19476 84+ - - F Gravel ‘“
- 42 - - Granule “
- 21 - 2-1 V C. Sand ||
'[ 476-2 105 202 105 C. Sand ll
2-42 05-0.25 - 05-0.25 M Sand u
42-0M4 0250125 02002 0.25-01 F Sand II
H - 0.125-0 0625 - 01-005 VF Sand H
<074 00625-0 0039 0020002 005-0 002 Sit "
- <0003% <0002 < 002 Clay |
Vanable Base 2 Base 10 Vanable
*Pebbles

(4011 REV)(GTIREV 1)(06/06/51)
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5122

It 1s important to mention that a degree of error 1s nherent between all versions of gramn size
estimates made n the field and those that are made 1n the laboratory The field data are based on
volumetric (visual) estimates while the Iaboratory data are denived from weight measurements In
addition, 1t must be stressed that sieves and gran size charts should be used regularly whenever
estimates are being made

Graded Material

The concept of graded matenal 1s used to describe the number of grain size ranges that are present
within the central portion (approximately 80 percent) of the grain size distribution for samples with
less than 5 percent fines (silt and clay) If a sample contains predominantly one or two gram- size
ranges (such as medium and fine sand), 1t 1s poorly graded and has a symbol (P) If a sample
contains several grain size ranges (such as fine gravel, coarse sand, medium sand, and fine sand),
1t is well graded and has a symbol (W)

Field values may be checked after the grain size analyses have been calculated and plotted. The
uniformity coefficient 1s a useful value that may help determine whether a gravel or a sand is well
graded The formula for the umformity coefficient 1s

Uc = D60/D10
where the D values are read directly from the grain size plots and represent the amount of materal

that 1s finer by weight Well-graded gravels have a value greater than 4, and well-graded sands have

a value greater than 6

(4011 REV)(GTIREV 1)(06/06/91)
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513

5131

5132

Field Estimates of Plasticity

The plasticity charactenistics of fine-grained alluvium or the fine fraction of a coarse alluvium should
be determined per the procedures covered mn the USCS (Appendix GT 1A) The following
paragraph and paragraph excerpts are taken from the U.S CS m Appendix GT 1A

"Particles larger than about the No 40 sieve size are removed (by hand), and a specimen of soil
about the size of a 1/2-1nch cube 1s molded to the consistency of putty If the sol 1s too dry, water
must be added, and if 1t 1s sticky, the specamen should be spread out 1n a thin layer and allowed to
lose some moisture by evaporation. The sample 1s rolled by hand on a smooth surface or between
the palms mnto a thread about 1/8 inches in diameter The thread is then folded and rerolled
repeatedly During this mampulation, the moisture content 1s gradually reduced and the specimen
stiffens, finally loses its plasticity, and crumbles when the plastic hmit 1s reached. After the thread
crumbles, the pieces should be lumped together and a shght kneading action continued until the
lump crumbles The higher the position of the soil above the *A’ line on the plasticity chart  the
stiffer are the threads as their water content approaches the plastic hmit and the tougher are the
lumps as the soil 1s remolded after rolling.”

Low Plasticity

Alluvial samples with a low plasticity "form a weak thread and . . . cannot be lumped together nto
a coherent mass below the plastic hmat *

Medium Plastic:

Alluvial samples with a medium plastiaty "form a medium tough thread (easy to roll) as the plastic
hmt 1s approached but when the threads are formed mto a lump and kneaded below the plastic

limut, the soil crumbles readily "

(4011 REV)(GTIREV 1)(06/07/91)




LOGGING ALLUVIAL AND BEDROCK MATERIAL

EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No: GT.1, Rev. 1
Page: 13 of 36
Effective Date* June 10, 1991
Category 2 Organization: Environmental Management

5133 High Plasticity

Alluvial samples with a high plasticity form a suff thread "as their water content approaches the

plastic hmit and the tougher are the lumps as the soil 1s remolded after rolling."

514 US.C.S. Sample Classification

The sample classifications of the U.S C.S are illustrated in Figure GT 1-2 In order to classify
alluvium, colluvium, fill, and agronomic souls, 1t 1s necessary first to esimate the percent of all the
grain size ranges mn the sample and determine the plasticity of the fines if they comprise more than
50 percent of the sample. With this information, enter Figure GT 1-2 from the left and progress
to the nght matching the textural, plasticity, and organic characternistics of the sample

The progression through Figure GT.1-2 is an "if/then” sequence of decisions that ultimately leads
to the proper sample classification Two examples follow

. Example 1 Seventy-five percent of the matenal is greater than the No 200
sieve, 53 percent greater than the No 4 sieve (gravel), 22 percent
1s sand, and 25 percent 1s fines (10 percent sit and 15 percent
clay) The proper classification for this sample 1s a clayey gravel
with some silt and sand (GC)

. Example 2 Eighty-five percent of the material 1s smaller than the No 200
sieve, 5 percent 1s gravel, 10 percent 1s sand, 30 percent 1s silt,
and 55 percent 1s clay that has a low to medum plasticaity The
proper classification for this sample 1s a silty clay with a trace of
gravel and some sand (CL)

(4011 REV)(GTIREV.1)(06/06/91)
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Sample descriptions should be made 1n the following order

. Main textural classification with modifiers
o Color

. Grain size

. Grading

. Angulanty (ASTM D2488)

. Plastiaty

. Composition

. Bedding

. Moisture content

. Top of bedrock, if present

515 Problems With the U.S.C.S.

The following are problems that are intrinsic to the US CS An obvious problem with the U.S CS.
is that a change of one or two percent m coarse or fine matenal on either. side of the 50 percent
boundary may cause the sample classification to vary considerably For example, a clayey gravel
(GC) or a clayey sand (SC) could easily change to a gravelly clay or a sandy clay with low plasticaty
(CL) or a sandy clay with lugh plasticity (CH) Clearly a classification system that 1s this sensitive
1s subject to errors, especially mn the field

Another problem 1s that it 1s all but impossible to determmne a hiqud hmit mn the field For the
purposes of this SOP, the hquid hmit has been replaced by field estimate of plasticity (see Sub-

sectton 5 1.3)

The US.CS also lacks the textural property of angularity that helps to determine the matunty of
a sediment

(4011 REV)(GTIREV 1)(06/06/91)
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52

52.1

522

s22.1

Finally the US CS 1s a purely desciptive classification that has been designed for construction
purposes and concentrates heavily on the physical properties of clay Because of this, the USCS

has 15 sample classifications and 1s very cumbersome

BEDROCK DESCRIPTIONS

All bedrock matenal should be classified and described by using many of the procedures and
techmiques described 1n Compton (1962), which has been incorporated with additional matenal in
this SOP

Basis of Classification

Compton classifies sedimentary rocks on the bass of their texture, fabric, and composition Rock
descriptions such as conglomerate, sandstone, siltstone, and shale (claystone and mudstone) are
textural classifications based solely on gram size  When other properties hike sorting, roundness,
bed thickness and contacts, cross-stratification, color, composition, cement, porosity, and fossil
content are included, it 1s possible to make interpretations of where, how, and under what

conditions the sediments were deposited

Textural Parameters

Grain Size Scale

The Wentworth grain size scale is divided into six main categories (1) cobbles, (2) pebbles, (3)
granules, (4) sand, (5) silt, and (6) clay The pebble and sand categonies are subdivided into very
coarse, coarse, medium, and fine pebbles; and very coarse, coarse, medium, fine, and very fine sand

(see Table GT 1-1) The scale 1s a geometric series with a base of 2

(4011 REV)(GTIREV 1)(06/06/91)
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5222

5223

Unlike the USCS 1n which the sand/silt boundary occurs at 0 074 mm, the sand/silt boundary
occurs at 00625 mm 1n the Wentworth scale Since geotechnical laboratories generally plot gran
size analyses on graph paper that 1s compatible with the U S C S, 1t 1s important to ensure that they
also include the range of Wentworth gramn size intervals on the graph paper (Figure GT 1-1)

Sorting 1s a measure of the extent to which a sediment has been wmnowed or reworked during
transport It also 1s a good indicator of the matunty of a sediment, the energy of the transporting
agent, and the environment of disposition

In order to determine the degree of sorting, Compton (1962) states, "an estimate 1s made of the
range of grain sizes that include the bulk (here 80 percent) of the detnital matersals " It 1s then
necessary to count the number of size ranges that are contaned in the 80 percent sample (sec Table
GT 1-1) The number of size ranges 1s then compared with Figure GT 1-3 to determine the degree
of sorting that describes the sample best

Degree of Rounding

Rounding 1s a measure of the amount of abrasion a grain has undergone However, 1t 1s not
generally used to describe sediments that are much finer than sand, because grains finer than sand
tend to have elastic collisions that do not affect the shape of the grain. Two properties that must
be considered when estimating the degree of rounding are (1) the composition and (2) the origmnal
shape of the grain Rounding, hke sorting, 15 a measure of the matunty of a sediment The shapes
shown 10 Figure GT 1-4 should be used to estimate the degree of rounding of individual gramns

(4011-REV)(GTIREV 1)(06/06/91)
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Temms for degrees of soring  The numbers indicate the number of size-classes
included by the great bulk (80 percent) of the matenal The drawings represent
sandstones as seen with a hand lens  Silt and dlay-size matenals are shown
diagramatically by the fine stipple  Taken from Compton, 1962.

Anguiar

FIGURE GT.1-4

angular

Terms for degree of rounding grains as seen with a hand lens  After Powers,
M C, 1953, “Journal of Sedimentary Petology”, v 23, p 118 Courtesy of the
Socisty of Economic Paleontologists and Mineralogists Taken from Compton 1962
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5224 Porosity

523

523.1

Porosity 1s not always an easy property to estimate in the field because the bedrock can be
drastically altered during drilling and coring as well as by weathering Generally, samples exhibat
more porosity than the rock actually contans

Porosity should be expressed as a percentage An accurate estimate 1s important because the
amount of porosity can give a general mdication of the permeability of a rock

Estimate of Abundance

Figure GT 1-5 1s composed of several drawings that represent the field of view commonly seen
through a microscope or hand lens Each arcle contamns a number of black areas Below each
arcle is the actual percentage of black area that the circle contains All loggers should review
Figure GT 1-5 until they are adept at esttmating the percentages that are contaned 1n the circles
Division of Abyn

Quute often 1t 1s necessary to determmne the relative abundance of a vanable In these cases, the

use of the terms trace, some, and abundant has a uttity The ranges for each are given in Table
GT1-2.

(4011 REV)(GTIREV 1){06/06/91)
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TABLE GT 1-2
RANGE OF ABUNDANCE
Dmision Range of Percent
Trace >0to 5
Some 6 to 25
Abundant 26 to 100

524

These terms generally follow a "with" statement, such as, Sandstone, hght olive gray (5Y6/1), very

fine to fine graned, with a trace of carbonaceous matenal

Color

Color can convey a great deal of information It helps to identify the components of the sediment
or rock as well as the cement In addition, color can provide a fairly accurate 1dea of the current
chemical environment from which the sample was taken For example, at RFP, lighly weathered

(oxudized) sandstones are commonly brownish-orange while unweathered sandstones are light ohive

grey

To ensure that the color descriptions are accurate and standardized, each sample should be
descnnbed while 1t 15 wet by using the Geological Society of America "Rock-Color Chart" (1984)
If the sample has dnied, 1t should be moistened with clean water from a squirt bottle Care should

also be taken to remove sunglasses when a color determination 1s being made

(4011 REV)(GTIREV 1)(06/06/91)
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525

52.6

527

Rock Classification

Clastic rocks are primarily classified on the bass of their most frequent grain size  The majority
of rocks at RFP are claystone, siltstones, and sandstones, however, hybrids of these end members
are quite common The second and sometimes third most frequent constituents act as modifiers
and precede the magor rock name m the description, such as, silty sandstone or clayey siltstone
If, however, a rock 1s composed of 80 percent or more of one constituent, then 1t should be
descnibed solely as that rock type The secondary textural modifiers should then be described
the description following a "with" statement Figure GT 1-6 shows all the rock classifications and
therr hithologic symbols that should be used while logging bedrock samples

Cement

The nature of the cementing medium should be described whenever possible Typical cementing
agents are clay (argillaceous cement), silica, and calcium carbonate (cahiche)

Friability

The tendency of a rock to crumble 1s related to how well it 1s cemented and the extent to which it
has been weathered. Table GT 1-3 shows the degree of friability

{4011 REV)(GTIREV.1)(06/06/51)




— e e -vn ‘ o E —t
em— — —— A d L4 | « L < - [3 - [ ] O - >
. C 3
— ——— / . / . / . P . © . © O [ ] (@] ¢« O § x._
. !
— e — / / / e o e o @ e O e 0O e .§. C[S
— e i L4 ° e o o o @ O o O e O
— m— — / . / . / e e o o o ] e O e O o
(4 - < I
CLAYSTONE SILTSTONE SANDSTONE CONGLOMERATE
—— ——— 7 / d / ¢ L ] [ ] [ [ J o L 4 O e O o
— ,‘. — / s e o o o e O s O e
[ ] — O ———— b m— S a— —
J — o—— / / [ ] [ ] [ [ ] [ ® Q e O [ J
Py ®
SILTY CLAYEY CLAYEY CLAYEY
CLAYSTONE SILTSTONE SANDSTONE CONGLOMERATE
° .
—— mm— — [ [ ] [ ® [ ] P o ® o ®
e @& o e o ° /. ° ./. ¢ o o ./0 O e O O
[
——— — —— / L 4 L4 / L [ L J (0] / O [
e o o o o ¢ & & o o e )% e ¢ o O ,°0 e O
/ / ./. e o o e O o O o
L J ®
SANDY SANDY SILTY SILTY
CLAYSTONE SILTSTONE SANDSTONE CONGLOMERATE
.’ N ® .
R4 ./
7 7/
@ o - Py ]
CALICHE SILTSTONE SANDSTONE CONGLOMERATE
w/ CALICHE w/ CALICHE w/ CALICHE
—— —— — [ ) L J [ L J ®
T I 1=
[ ] L J [ ] [ ] [ ]
£ I -
L L J ] L J L
IRONSTONE CLAYSTONE COAL SANDSTONE
or IRONOXIDE w/ IRONOXIDE w/ CARBONACEOUS
MODULES MODULES MATERIAL

DA P00 W B> A 3

FIGURE GT 1-6

LITHOLOGIC SYMBOLS FOR COMMON CLASTIC ROCKS

23 of 36
June 10, 1991

=~ s rinl Mapnranan ¢




-

. LOGGING ALLUVIAL AND BEDROCK MATERIAL

EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No.: GT.1, Rev. 1
Page: 24 of 36
Effective Date: June 10, 1991
Category 2 Orgamzation: Environmental Management
TABLE GT 1-3
DEGREE OF FRIABILITY
Term Defimition
Highly Fniable Crumbles readily mto indmdual
grains upon minor disturbance
Moderately Friable Will crumble into individual grains
with extensive rubbing
Shghtly Friable Can be broken mto individual grains
by scraping 1t with a pocket kmfe
Non-Friable Cannot be broken mto indwdual
grains by any of the methods
described above

528 Composition

It 15 not the objective of this SOP to classify sedimentary rocks on the basis of their mineral content
by using tertiary diagrams with quartz/chert, feldspar, and hthic fragments at each pole Smnce
Compton wrote the "Manual of Field Geology” in 1962, several classifications have been published.
Two of the most widely used classifications are those published by Earl McBride 1n 1963 and Robert
Folk 1n 1974 Blatt, et al, (1972) presents an excellent evaluation of these and other classifications
For the purpose of this SOP, the geologist 1s concerned with describing only accessory minerals,
fossils, and other components that distinguish one rock from another The descriptive term(s)
should follow a "with" statement, such as, silty sandstone, hght olive grey (5Y6/1), very fine grained,

with some pink feldspar rock fragments

(4011-REV)(GTIREV 1){06/06/91)
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529

52.10

Bedding and Internal Structure

In sedimentary rocks, bedding 1s related to differences 1n texture, composition, and color, and
reflects changes 1n the environment of deposition and/or the source matenal Depending on the
depositional processes that are involved, bedding boundanes may or may not represent a speafic

moment 1n time

Compton classifies bedding as repeated sequences of beds, shapes of individual beds, and cross-
bedding (cross-stratification) Repeated bedding 1s produced by cychic changes mn the sedimentary
processes Individual bed shapes are classified as tabular, lenticular, hnear, wedge-shaped, or
irregular Cross-stratification 1s classified on the basis of its external and mternal charactenstics
External forms of cross-stratification are tabular, wedge shaped, and trough shaped Internal
descriptive terms that are commonly used are graded, massive, laminated, and tangential (Figure
GT 1-7) Other internal features not related to bedding are ripple marks, flow structures, burrows
and tubes, load casts, and desiccation cracks (mud cracks)

Fractures and Slickensides
Fractures should be described whenever they are present  Fractures occur naturally m bedrocks and

should not be confused with breaks mnduced by coring and handling The characternistics that should
be noted about the fracture are

. Whether the fracture 1s opened or healed

. The composition of the matenal filling the fracture, if any

. The angle of the fracture from the horizontal

. The apparent displacement of bedding across the fracture

. Whether shckensides are present and the angle of any striations from the
horizontal

(4011 REV)(GTIREYV 1)(06/06/91)
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showing considerable erosion between each set. (C) Tabutar 10 lenticutar sets
with tangennal pattems; typically, these are laminated marine beds

(D) Symetncal trough sets with distinctly linear axes, typically, these are
large-scale fluvial features The arrows indicate current directions

Taken from Compton, 1962

} . Cross-bedded rocks (A) Tabular sets with diagonal pattems (B) Wedge sets,

Set of graded
silt-claystone
beds (varves)

Laminsted shate

with d¢-in
sandstone beds

A [0 A e e O} i
3
] ]
1]}

20— e
Y X

Vanous beds and sets of beds Taken from Compton 1962
BEDDING AND INTERNAL STRUCTURES
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52.11 Moisture Content
The core should be described as dry, moust, or saturated, and the depth to the top of the
saturated interval should be recorded If a static water level can be measured, it should
be noted also
52,12 Lathogic Description
Lithogic descriptions should be made in the following order
. . Man rock type with modifiers
. Color
. Grain size
. Degree of sorting
. Degree of rounding
. Porosity
. Cement
. Friabihty
. Composition
. Bedding and internal structure
. Fractures and shckensides
. Moisture content
. Top of bedrock, if present

6.0 LOGGING

Thus section describes the field procedures used while logging

(4011 REV)(GTIREV 1)(06/06/91)
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It 1s the responsibility of the logging personnel to ensure that all of the materials and equipment

needed for logging are at the site

6.1 LOGGING EQUIPMENT

The following 1s a hst of equipment that 1s necessary to properly log the alluvial and bedrock

material

(4011 REV)(GTIREV 1)(06/06/91)

Core Reference Set

Alluwial Reference Set

Rock-Color Chart

Logging forms

Hand lens

Nos. 4, 40, 200, and 230 sieves (8-inch) with lid and base

Six-foot metal measuring tape in tenths of a foot and tenths of an inch
Core boxes (2 feet long, 5 columns each 2-1/2 inches wide) (such as, Boise
Cascade No 17-505 top and bottom)

Wood blocks (2-1/2 nches x 3/4 inches) for marking depths and sample locations
Jars for cuttings

Wentworth and/or Amstrat grain size charts

Knife

Aad (10 percent Hcl) in squirt bottle

Water m squart bottle

Markers (black, waterproof)

Protective clothing and equipment (see Health & Safety Plan)

Pens (black, waterproof)

Flashlight

Hammer

Clipboard

Table
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. Duct tape
. Paper towels
. Plastic wrap
. Protractor
. Camera (35 mm) with film (Kodak color patch)
. Flat-bladed screwdriver
. Awl
. Metal measuring tape m tenths of a foot

62 CORE BOXES

| . The core boxes should be similar to the boxes described in Subsection 6 1 above Each core box
and hd should be marked with the following information

] Well name
. Location
. Surface elevation
. Depth interval
| . Date
. Project number
1 . Logger’s initials
. Box number and the total number of boxes
. Appropniate hazardous waste labels

After samples have been contamenzed, the remaining core will be placed 1n marked core boxes and
moved to the core storage faciity In addition to markings, the core boxes will be labeled and

stored according to the results of field monitoring (organic vapor detectors and radiological

screeming) conducted during dnlhing and corning activities (See SOP FO.8, Handling of Dnilling
‘ Fluds and Cuttings and SOP FO 16, Field Radiological Measurements )

(4011-REV)(GTIREV 1)(06/06/91)




R

|

» '
|

LOGGING ALLUVIAL AND BEDROCK MATERIAL

EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No.: GT.1, Rev. 1
Page: 30 of 36
Effective Date: June 10, 1991
Category 2 Organization: Environmental Management

63

63.1

632

Core boxes suspected of containing low-level radioactive substances only will be labeled with a
"White I" radioactive label Core boxes suspected of containing volatile organic or mixed substances
will be labeled with a Department of Transportation "Other Regulated Matenal Class E' (ORM-E)
label (See SOP FO 10, Receving, Labeling and Handling of Waste Containers ) If the suspected
contamination 1s mixed substances, the core box will also be marked with the words "SUS RAD"

for suspected radioactive contamination

The core boxes will be then moved to the appropnate storage facihty

CORES AND CUTTINGS

Scanning the Core

After an nterval of core has been cut and the sampler has been opened, the core will be scanned
for hazardous and radioactive contammation The field use of momtors for the detection of volatile
organics and radionuchdes 1s discussed in SOPs FO.8, Handling of Drilling Flwids and Cuttings,
FO.15, Use of Photoionizing Detectors and Flame Iomzing Detectors, and FO 16, Field Radiological
Instruments Once the core has been scanned, it will be handled 1n accordance with the Health and
Safety Plan

Percent Recovery

The core should be consohdated 1n the sampler, measured, and if competent, the core will be
etched with two parallel hnes using an awl and a flat-bladed screwdriver The awl line will be
etched on the left side of the core, for the entire length of the core The screwdniver line will be
etched on the right side of the core, for the entire length of the core These etched lines denote
the "up” position All competent core will be etched with enough pressure so the hines are readily

vistble, but not waith enough pressure so the core’s features are obliterated or altered Once etched,

(4011-REV)(GTIREV 1)(06/06/91)
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the core will be shid out onto the plastic wrap that has been placed 1 the core box. Immediately
followng this, the core should be measured to the nearest tenth of a foot, and this measurement,
along with the nterval that was cut, should be recorded on the logging form Figure GT 1-8 1s an
example of a completed logging form Wood blocks with footage values marked on them 1n black
waterproof ink should be placed at each end of the core If only cuttings were collected, a
representative sample should be collected every 2 feet, and this sample should be placed in a labeled

Jar 1 the core box.

If the core or dnll cuttings are logged at a scparate location removed from the dnll site, the
following information must be wnitten on the logging form (Figure GT 1-8) and encosed in the core

box:
. Interval cut and the amount of core recovered
. Dnllers estimate of hithologic breaks
. Depth to water table if appropnate
. Intervals and type of sample taken
633 Logging

The core or cuttings should be logged according to all of the procedures previously covered in this
SOp

(4011 REV)(GTIREV 1)(06/06/51)
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63.4  Photographing the Core

Any and all photographing procedures must conform to plant secunity controls Each box of core
should be photographed with a 35 mm camera after it has been logged and before the core 1s
sampled If the core 1s photographed at RFP, the camera will have to be cleared and left on site
until the project s completed In addition, all of the film must be processed by RFP  An
identification tag and a Kodak color patch should appear in each photograph The 1dentification

tag should contain
. The well name
. Footage values of the core in the box
. The box number of the total number of boxes for that borehole, such as
Box 1 of 7
. Date core was taken
. Project number

635 Sampling

Samples that are taken for grain size analyses and permeameter tests should be removed only after
the core has been logged and photographed At the time a sample 1s taken, a wood block with the
following information must be placed in the core box at the pont the sample was removed

. Sample number
. Depth

. Purpose

. Date

. Company

This information should be marked on the wood block with a black waterproof marker

{4011-REVY(GTIREV.1)(06/06/91)
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7.0 DOCUMENTATION

A permanent record of the implementation of this SOP will be kept by documenting all information
required by the SOP on the Borehole Log Form Dnilling activities will also be documented on the
hollow-stem auger or rotary and core dnlling Field Activities Report Forms (see SOP GT 2, Dniling
and Sampling Using Hollow-Stem Auger Techmques, and SOP GT 4, Rotary Dnlhing and Rock
Corning)

The logger will pnmanly be responsible for each aspect and each procedure

(4011-REV)(GTIREV.1){06/06/91)
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Preface

The purpose of this manual is to describe and explain the use of
the "Unified Soil Classification System"” in order that identification
of soil types will be on a common basis throughout the agencies using
this system.

The program of military sirfield construction undertaken by the
Department of the Army in 1941 revealed at an early stage that existing
soa1l classifications were not entirely applicable to the work inyolved.
In 1942 the Corps of Engineers tentatively adopted the "Airfield
Classification" of soils which had been developed by Dr. Arthur
Casagrande of the Harvard University Graduate School of Engineering.

As a result of experience gained since that time, the original classi-
fication has been expanded and revised in cooperation with the Bureau
of Reclamation so that it applies not only to airfields dbut also to
embankments, foundations, and other engineering features.

Acknowledgment is made to Dr. Arthur Casagrande, Professor of
Soil Mechanics and Foundation Engineering, Harvard University, for
permission to incorporate in this manual considerable information frem
the paper “Classification and Identification of Soils" published in
Transactions, American Society of Civail Engineers, volume 113, 1948.
This manual was prepared under the direction of the Office, Chief of

Engineers, by the Soils Division, Waterways Experiment Station.
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UNIFIED SOIL CLASSIFICATION SYSTEM

Introduction

Need for & classification system

1. The adoption of the principles of soil mechanics by the engi-
neering profession has inspired numerous attempts to devise a sample

classification system that will tell the engineer the properties of a
given soil. As a consequence, many classifications have come into exist-
ence based on certain properties of soils such as texture, plasticity,
strength, and 6ther characteristics. A few classification systems have
gained fairly wide acceptance, but it is seldom that any particular sys-
ten has provided the ccmplete information on a soil that the engineer
needs, Nearl;'every enéineer who ﬁractices soil.mech;nics will add
Judgment and personal experience as modifiers to whatever soil classifi-.
cation system bhe uses, so that it may be said that there are as many
classification systems as there are engineers using them. Obviously,
within a given agency, where designs and plans are reviewed by persons
entirely removed from a project, a common basis of soil classification is
necessary so that when an engineer classifies a soi1l as & certain type,
this classification will convey to another engineer not familiar wath the
region the proper characteristics and behavior of the material. Further
than this, the classification should reflect those behavior characteris-

tics of the soil that are pertinent to the project under consideration.

Basis of the unified soil
classification system

2. The unified soil classification system 1s based on the
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embaniments, foundations, roads, and airfields, i1s treated separately in

appendices hereto which will be issued as the need arises. It i1s rec-

ognized that the unified classafication system in i1ts present form may

not prove entirely adequate in all cases. However, 1t is intended that

the classification of soils in accordance with this system have some de-

gree of elasticity, and that the system not be followed blindly nor re-

garded as completely ragad.

Definitions of soil components

4, Before soils can be classified properly in any system, includ-
ing the one presented in this manual, it is necessary to establish a
basic terminology for the various soil components and to define the terms
used. In the unified soil classification the names "cobbles," “gravel,"
“sand," and "fines (silt.or clay)"” are used to designate the size ranges
of soil particles. The gravel and sand ranges are further subdivided
into the groups presented below. The limiting boundaries between the
various size ranges have been arbitrarily set at certain U. S. Standard

sieve sizes in accordance with the following tabulation:

Camponent Size Range

Cobbles Above 3 in.

Gravel 3 in. to No. & (4.76 mm)
Coarse gravel 3 in. to 3/4 an.

Fine gravel 3/4 1n. to No. & (L4.76 mm)

Sand No. 4 (%.76 mm) to No. 200 (0.074 rm)
Coarse sand No. % (4.76 mm) to No. 10 (2.0 mm)
Medaum sand No. 10 (2.0 mm) to No. 40 (0.42 mm)
Fine sand No. 40 (0.42 mm) to No. 200 (0.074 mm)

Fines (silt or clay) Below No. 200 (0.074% mm)

These ranges are shown graphically on the grain-size sheet, plate 1. 1In




classification criteria by which the various soil groups are 1dentified
and distinguished. Table 2 shows an auxiliary schematic method of clas-
sifying soils frcm the results of laboratory tests. The applacation and
use of this chart are discussed in greater detail under a subsequent
heading in this manual.

So1l groups and group symbols

6. Maijor divisions. Soils are primarily divided into coarse-

grained soils, fine-grained soils, and highly organic soils. On a
textural basis, coarse-grained soils are those that have 50 per cent or
less of the constituent material paessing the No. 200 sieve, and fine-~
grained soils are those that have more than 50 per cent passing the

No. 200 sieve. Highly organic soils are in general readily identified
by visualvexamination. The coarse-grained soils are subdivided into
gravel and gravelly soils (symbol G), and sands and sandy soils (sym-
bol S). Fine-grained soils are subdivided on the basis of the liquid
limit; symbol L is used for soils with liquid limits of 50 and less,
and symbol H for soils with liquid limits in excess of 50’ (see plate 2).
Peat and other highly organic soils are designated by the symbol Pt and

are not subdivided.

7. Subdivisions, coarse-grained soils. In general practice there

1s no clear-cut boundary between gravelly soils and sandy soils, and as
far as behavior is concerned the exact point of division is relatively un-
important. For purposes of identification, coarse-grained soils are
classed as gravels (G) if the greater percentage of the coarse fraction
(retained on No. 200 sieve) is larger than the No. 4 sieve and as sands

(8) 1f the greater portion of the coarse fraction is finer than the No. &
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information should be evaluated and the soil classified as discussed sub-
sequently under "Lesboratory Identification.” In areas subject to frost

action, the material should not contain more than about 3 per cent of
soil greins smaller than 0.02 mm in size. Typical examples of GW and SW
soils are shown on plate 3.

GP and SP groups

10. Poorly-graded gravels and sands containing little or no non-
plastic fines (less than 5 per cent passing the No. 200 sieve) are
classed in the GP and SP groups. The materials may be classed as uniform
gravels, uniform.sands,.or nonuniform mixtures of very coarse material
and very fine sand, with intermediate sizes lacking (sometimes called
skip-graded, gap-graded, or step-graded). The latter group often results
fram borrow excavation in which:gravel and sand layers are mixed. If the
fine fraction exhibits pla;ticity, this information should be evaluated
and the soil classified as discussed subsequently under "Lsboratory
Identification.” Typical examples of various types of GP and SP soils
are shown on plate 4.

GM and SM groups

11. In general, the GM and SM groups comprise gravels or sends with
fines (more than 12* per cent passing the No. 200 sieve) having low or no
plasticaty. The plasticity index and liquid limit (based on minus No. LO

sieve fraction) of soils in the group should plot below the "A" lime on

* In the preceding two paragraphs soils of the GW, GP, SW, and SP
groups were defined as heving less than 5 per cent passing the No. 200
sieve. So0ils which have between 5 and 12 per cent passing the No. 200
sieve are classed as "borderline” and are discussed in paragraph 33

under that headang.
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predominantly silty materials and micaceous or diatamaceous soils. The
symbols L and H represent low and high liquid liamits, respectively, and
an arbitrary dividing line between the two is set at a liquid limit of
50. The soils in the ML and ME groups are sandy silts, clayey silts,
or inorganic silts with relatively low plasticity. Also included are
loess~-type soils and rock flours. Micaceous and diatomaceous soils
generally fall’ within the MH group but may extend into the ML group
when their liquid limit is less than 50. The same is true for certain
types of kaolin clays and some illite clays having relatively low plas-
ticity. Typicael examples of soils in the ML and MH groups are shown
on plate 7.

CL and CH groups

14, * In these groups the isymbol C stands for clay, with L and B
denoting-low or high liquid limit. The soils are primarily inorganic
clays. Low plasticity clays are classified as CL and are usually lean
clays, sandy clays, or silty clays. The medium and high plasticity
clays are classified as CH. These include the fat clays, gumbo clays,
certain volcanic clays, and bentonite. The glacial clays of the northern
United States cover a wide band in the CL and CH groups. Typical exam-
ples of soils in these groups are shown on plate 8.

OL and OH groups

15. The soils in the OL and OH groups are characterized by the
presence of organic matter, hence the symbol O. Organic silts and clays
are classified in these groups. The materials have a plasticity range
that corresponds with the ML and ME groups. Typical examples of OL and

OH soils are presented on plate 9.
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methods are entiiely practical for preliminary laboratory identification
end may be used to advantage in grouping soils in such a manner that

only & minimum number of laboratory tests need be run.

General Identification

18. Thc easiest way of learning field identification of soils is
under the guidance of experienced personnel. Without such assistance,
field idantification may be learnmed by systematically comparing the
numerical test results for typical soils in each group with the "feel"

of the material vhile field identification procedures are being performed.

&

Coarse-grained soils
19. Texture and composition. In fleld identification of coarse-

grained materials a dry|sample is spread on a flat surface and examined
to determine gradstion, grain size and shape, and mineral camposition.
Considerable experience is required to differentiate, on the basis of
a visual examination, between well-graded and poorly-graded soils. -
The d\mabii.ity of the grains of a coa.rse-graiﬁed soil mey require a
careful examination, depending on the use to which the soil is to be
put. Pebbles and sand grains consisting of sound rock are easily iden-
tified. Weathered material is recognized from its discolorations and
the relative ease with which the grains can be crushed. Gravels con-
sisting of weathered granitic rocks, quartzite, etc., are not necessar-
ily objectionable for construction purposes. On the other hand, coarse-
grained soils containing fragments of shaley rock may be unsuitable be-
cause alternate wetting and drying may result in their partial or com-

plete disintegration. This property can be identified by & slaking test.
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usually be detected by rubbing a sample between the fingers; silt or clay
particles feel smooth and stain the fingers, whereas the sand feels gritty
and does not leave a stain. The "teeth test” is sometimes used for this
purpose, and consists of biting a portion of the sample between the

teeth. Sand feels gritty vhereas silt and clay do not; clay tends to
stick to the teeth while s£ilt does not. If there appears to be more

than about 12 per cent of the material passing the No. 200 sieve, the
sample should be separated as well as possible by hand, or by decanta-
tion and evaporation, removing all of the gravel and coarse sand, and

the characteristics of the fine fraction determined. The binder is

mixed with water and its dry strength and plasticity characteristics are ..

examined. Criteria for dry strength are shown in column 5 of the clas-
sification sheet, table 1; evaluation of soils according to dry strength :
and plasticity criteria is discussed in succeeding paragraphs in connec-
tion with fine-grained soils. Identification of active cementing agents
other than clay usually is not possible by. visual and manual examination,
since such agents maf require a curing period-of days or even weeks. In
the absence of such experience the soils should be classified tentatively '
into their apparent groups, neglecting any possible development of
strength because of cementation.

Fine-grained soils

21. The praincipal procedures for field identification of fine-
grained soils are the test for dilatancy (reaction to shakang), the
examination of plasticity characteristics, and the determination of dry
strength. In addition, observations of color and odor are of value,

particularly for organic soils. Descraiptions of the field identification
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particularly of the rock-flour type, also for diatomaceous earth (MH).
The reaction becomes somewhat more sluggish with decreasing uniformaty
of gradation (and increase in plasticity up to a certain degree). Even a
slight content of colloidal clay will impart to the so0il some plasticity
and slow up materially the Treaction to the shaking test. Soils which
react in this manner are scmewhat plastic inorganic and organic silts
(ML, OL), very lean clays (CL), and some kaolin-type clays (ML, MH). Ex-
tremely slow or no reaction to the shaking test is ckaracteristic of all
typical clays (CL, CH) as well as of highly plastic organic clays (CH).

23. Plasticity characteristics. Examination of the plasticity

characteristics of fine-grained soils or of the fine fraction of coarse- -.
grained soils is made with a small moist sample of the material. Parti-
cles larger than about the No. 40 sieve size are removed (by hand) and & ¢
specimen' of soil about the size of a 1/2-in. cube is molded to the con-
sistency of putty. If the soil is too dry, water must be added and if

it is sticky, the specimen should be spread out in a thin layer and
allowed to lose some moisture by evaporation. The sample 1s rolled by
hand on a smooth surface or between the palms into a thread about 1/8 in,
an diameter. The thread is then folded and rerolled repeatedly. During
this manipulation the moisture content is gradually reduced and the speci-
men stiffens, finally loses 1its plasticity, and crumbles when the plastic
1imit is reached. After the thread crumbles, the pieces should be lumped
together and a slight kneading action continued until the lump crumbles.
The higher the position of a soil above the "A" line on the plasticity
chart, plate 2 (CL, CE), the stiffer are the threads as their water con-

tent approaches the plastic limit and the tougher are the lumps as the
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fraction of gravelly and sandy soils having a clay binder (GC and SC).
Soils with high dry strength can be broken but cannot be powdered by
finger pressure. High dry strength is indicative of most CH clays, as
well as some organic clays of the OH group havang very high liquid lamits
and located near the A-line. In some instances high dry strength in the
undisturbed state may be furnished by a cementing material such as cal-
cium carbonate or iron oxide.

25. Color. 1In field soil surveys color is often helpful in dis-
tinguishing between various soil strata, and to an engineer with suffi-
cient preliminary experience with the local soils, color may also be
useful for identifying individual soils. The color of the moist soil
should be used in identification as soil color may change markedly on
drying. © To the e;:perience%. eye certain dark or drab shades of gray or
brown, ineluding almost black colors, are indicative of fine-grained .
soils containing organic colloidal matter (OL, OH). In contrast, brighter
colors, including medium and light gray, olive green, brown, red, yellow,
and vhite, are generally associated with inorganic soils . Use of the
Munsell soil color charts and plates, prepared for the U, S. Department
of Agriculture by the Munsell Color Company, Baltimore, Maryland, 1is
suggested in the event more precise soil color descriptions are desired
or to facilitate umiform naming of soil colors.

26. Odor. Organic soils of the OL and OH groups usually have a
dastinctive odor which, wath experience, can be used as an aid in the
1dentification of such materials. This odor 1s especially apparent from
fresh samples. It gradually diminishes on exposure to air, but can be

revived by heating a wet sample.
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Identification of major soil groups

29. Reference to the identification procedure chart, table 2, shows
that the first step in the laboratory identification of & soil 1s to
determine vhether it is coarse grained, fine grained, or highly organic.
This may be done by visual examination in most cases, using the procedures
outlined for field identification. In some borderline cases, as with
very fine sands or coarse silts, it may be necessary to screen a repre-
sentative dry sample over a No. 200 sieve and determine the percentage
passing. Fifty per cent or less passing the No. 200 sieve identifies
the soil as coarse grained, and more than 50 per cent identifies the soil
as fine grained. The percentage limit of 50 has been selected arbitrarily
for convenience in identification as it is obvious that & mmerical dif-
ference of 1'%r 2 in thispercentege will make no significant change in :
the behavior of the soil. After the major group in which the soil belong;
is established, the identification procedure is continued in accordance
with the proper headings in the chart.

Identification of subgroups,
coarse-grained soils

30. Gravels {G) or sands (S). A complete sieve analysis is run on

coarse-grained soils and the gradation curve is plotted on a grain-size
chart. For some soils containing a substantial amount of fines, it may
be desirable to supplement the sieve analysis with a hydrometer analysis
in order to define the gradation curve below the No. 200 sieve size. Pre-
liminary identification 1s made by determining the percentage of material
in the gravel (above No. 4 sieve) and sand (No. & to No. 200 sieve) sizes.

If there 1s a greater percentage of gravel than sand the materzal is
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that the grading curve will have a concave curvature within relataively
narrow limits for a giver Dgy and Djg combination. All gradations not
meeting the foregoing criteria are classed as poorly graded. Thus,
poorly-graded soils {GP, SP) are those having nearly straight line gra-
dations (plate 4, fig. 1, curve 3), convex gradations, nearly vertical
(uniform) gradations (plate 4, fig. 1, curve 1), and gradation curves
with "humps" typical of skip-graded materials (plate &, fig. 1, curve 2).

32. GM, SM, GC and SC grouns. The soils in these groups are com-

posed of those materiasls having more than a 12*% per cent fraction passing
the No. 200 sieve; they mey or mey not exhibit plasticity. For identi-
fication, the liquid and plastic limits tests are required on the frac- -
tion finer than the No. 40 sieve. The tests should be run on representa-
tive samples of moist materisl, and not on air- or oven-dried soils. .
This precaution is desirable as drying affects the limits values to some
extent as will be explained further in the discussion of fine-grained
soils. Materials in which the liquid limit and plasticity index plot =«
below the "A" line on the plasticity chart (plate 2) are' classed as

GM or SM (plate 5). Gravels and sands in which the liquid limit and
plasticity index plot above the "A" line on the plasticity chart are
classed as GC or SC (plate 6). It is considered that in the identifi-
cation of materials in these groups the plasticity characteriastics
overshadow the gradation characteristics; therefore, no distinction is

made between well- and poorly-graded materials.

* 1In the preceding paragraph soils of the GW, GP, SW, and SP groups were
defined as having less than a § per cent fraction passing the No. 200
sieve. Soils having between 5 and 12 per cent passing the No. 200
sieve are classed as "borderline" and are diascussed in parsgraph 33.
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CL and OL or ML soil types i1n this regiom is accomplished by a cross-hatched
zone on the plasticity chart betuveen 4 and 7 PI and above the "A" line.
CL soils in this region are those having a PI above 7 while OL or ML soils
are those having a PI below 4. Soils plotting within the cross-hatched
zone should be classed as borderline as discussed later. The various soil
groups are shown in their respective positions on the plasticity chart.
Experience has shown that compressibility is approximately proportional to
liquid limit and that soils having the same liquid limit possess approxi-
mately equal compressibility, assuming that other factors are essentially
the same. . On comparing the physical characteristics of soils having the ,
same liquid limit, one finds that with increasing plasticity index, the -
cohesive characteristics increase and the permeability deczeases. From
plots of ‘the results of -limits tests on a number of semples from the )
same fine-grained deposit, it is found that for most soils these points
lie on a straight line or in a narrow band apmroximately parallel to
the "A" line. With this background information in mind, the idemtifica-,
tion of the various groups of fine-grained soils is discussed in the
following paragraphs.

35. ML, CL, and OL groups. A soil having a liquid limt of less

than 50 falls into the low liquid limit (L) group. A plot of the ligquad
limt and plasticity index on the plasticaity chart will show whether it
falls above or below the "A" line and cross-hatched zone. Soils plotting
above the "A" line and cross-hatched zone are classed as CL and are usually
typical inorganic clays (plate 8, fig. 1). Soils plotting below the "A"
line or cross-hatched zone are inorganic silts or very fine sandy salts,

ML (plate 7, fig. 1), or organic silts or orgamc silt-clays of low
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highly organic soils (Pt) than has been stated previously under field
1dentification. These soi1ls are usually identified readily on the basis
of color, texture, and odor. Moisture determinations usually show a
natural water content of several hundred per cent, which is far in ex-
cess of that found for most soils. Specific gravities of the solids in
these so1ls may be quite low. Some peaty soils can be remolded and
tested for liquid and plastic limits. Such materials usually have a
liquid limit of several hundred per cent and fall well below the "A"
line on the plasticaty chart.

Borderline classifications 3

38. It is inevitable in the use of the classification system that "
soils will be encountered that fall close to the boundaries estsblished -
between the various groﬁi)é.? In ‘addition, ‘boundary zones for the amount
of materisl passing the No. 200 sieve and for the lower part of the

plasticity chart have been incorporated as a part of the system, as

e

discussed subsequently. The accepted rule in classifying-borderline
soils is to use a double symbol; for example, GW-GM. It 'is possible,

in rare instances, for a soil to fall into more than one borderline zone
and, if appropriate symbols were used for each possible classification,
the result would be a multiple designation consisting of three or more
symbols. This approach is unnecessarily cowplicated and it is considered
best to use only a double symbol in these cases, selectang the two that
are believed most representative of the probable behavior of the soil.

In cases of doubt the symbols representing the poorer of the possible
groupings should be used.

39. Coarse-grained soils. It will be recalled that in previous
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definitions of these terms are now somewhat different from those used by
many so1ls engineers, it is considered advisable to discuss their connota-
tion as used in this system. In the unified soil classification the terms
"silt" and “clay" are used to describe those soils with Atterberg limits
plotting respectively below and above the "A" line and cross-hatched zone
on the plasticity chart. As a logical extension of this concept, the terms
"s1lty" and "clayey" may be used as adjectives in the soil names when the
limits values plot close to the "A" line. For example, a clay soil with
LL = 40 and PI = 16 may be called a silty clay. In general, the adjective

"s11lty" is not applied to clay .soils having a liquid limit in excess of

about 60.

- + Expansion of Classification .

-

L42. It way be'necessary, in some cases, to expand the unified clas-
sification system by subdivision of existing groups in order to classify
so0ils for s particular use. The indiscriminate use of subdivisions is
discouraged and careful study should be given any soil group before such
a step is adopted. In all ceses subdivisions should be designated pref-
erably by a suffix to an existing group symbol. The suffix should be
selected carefully so that there will be no confusion with existing let-
ters that already have meanings in the classification system. In each
case where an existing group is subdivided, the basis and crateria for
the subdivision should be explained in order that anyone unfamilisr with

it may understand the subdivision properly.

)
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belongs, it 1s usually an easy matter to select an appropriate name from
the classification sheet. Some soils mey be readaly identified and prop-
erly named by only visual inspection. A word of caution is considered
appropriate on the use of the classitication system for certain soils
such as marls, caliches, coral, shale, etc., where the grain size can
vary widely depending on the asmount of mechanical breskdown of soil par-
ticles. For these soils the group symbol and textural name have little
significence and the locally used name may be important.

Other descriptive terms

45, Records of field explorations in the form of boring logs can
be of great bemefit to the engineer if they include adequate information.
In addition to the group symbol and the name of the soil, the general
characteristics of ‘the soils.as to plasticity, strength, moisture, etc.,
provide information essential to a proper analysis of a particular prob-
lem. Locally accepted soil names should also be used to clarify the
data to local bidders, and to protect the Govermment against later legal
claims. For coarse-grained soils, the size of particles, mineralogical
camposition, shape of grains, and character of the binder are relevant
features. For fine-grained soils, strength, moisture, and plasticity
characteristics are important. Vhen describing undisturbed soils such
characteristies as stratification, structure, consistency in the undis-
turbed and remolded states, cementation, drainage, etc., are pertinent
to the descraiptive classification. Pertinent items to be used in de-
scribing soils are shown in column 6 of table 1. In ordex to achieve
uniformity in estimating consistency of soils, 1t is recommended that

the Terzaghi classification based on unconfined compressive strength be
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EIGHLY ORGANIC SOILS

Fibrous texture, color, odor,
very high moisture content,
particles of vegetable mat-
ter (sticks, leaves, etc.)

COARSE GR/

50% or less pass °

GRAVEL (G)

Greater percentage of coarse fraction

retained on No. b sieve

less than 5% pass
No. 200 sieve*

Between 5% and 12¢%
pass No. 200 sieve

Run sieve a-

%
More than 12% pass " Le
No. 200 sieve !

Borderline, to have
double symbol appro-

Run LL and PL on

n.:imizel::g:in priate to grading and ninus No. 4O sieve
Plasticity character- fraction
istics, e.g. GW-GM
P Belov "A’ line or | {Limits plot in
;:::'d gra d:i hatched zone on hatched zone oa
plasticity chart plasticity chart
GW GP GM GM-GC
Note: Sieve sizes are U. S. Standard g:?t";dv.:fadbl:wc"o‘py

Above "A" line and
hatched zone on
plasticity chart

® If fines interfere with free draining properties use double symbol such as GW-GM, etc.
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AUXILYARY LABORATORY IDENTIFICATION PROCEDURE

Make visual examination of soil to determine whether it
is HIGRLY ORGANIC, COARSE GRAINED, OR FINE GRAINED. In
borderline cases determine amount passing No. 200 sieve.

RSE GRAINED

pass No. 200 sieve

ieve analysis

]

SAND
GCreater percentage

(s)

of coarse fraction

pass No. b sieve

Less than 5% pass
No. 200 sieve+

1 Between 5% and 12%
pass No. 200 sieve

More than 12% pass
No. 200 sieve

[

-

1

Sy

Belovw "A" 1

hatched zon
plasticity

*

* Borderline, to have
1 B ‘ double symbol appro- Run LL and PL on Color, odor,
: siz:n:u;'v:m priate to grading and minus No. LQ sieve 1L and PL on
plasticity character- fraction soil
istics, e.g. SW-SM
Well Poorly Below "A" line or Limits plot in Above "A" line and
graded graded hatched zone on hatched zone on hatched zone on Organic
plasticity chart plasticity chart plasticity cnart |
SW SP SM SM-SC SC OL
Reproduced from
be‘s’t avaable copy

.tc.
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FINE GRAINED
More than SO% pass No 200 sieve

Run L1 and PL on minus No. LO sieve
material

L 4
Liquid limit less than Liquid limit greater than
. 50 50
&
5, =
i:,f , N : -
%
K =2ov "A" line or Limits plot in Above "A" line and Belov "A" line Above "A" line
'ﬁ atched 20ne on hatched zone on hatched zone on on plasticity on plasticity
“iasticity chart plasticity chart plasticity chart chart chart
*
£ 1 i
* .or, odor, possibly Color, odor, possibly
. and PL on oven dry LI, and PL on oven dry
soil soil
rganic{ linorganic Inorganic Organic
oL ML ML-CL CL MH OH CH

Reproduced from
best avaidable copy.
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UNIFIED SOIL CIASSIFICATION SYSTEM

APPENDIX A

CHARACTERISTICS OF SOIL GROUPS PERTAINING TO

EMBANKMENTS AND FOUNDATIONS

Introduction

1. The major properties of a soil proposed for use in an embank-
ment or foundation that are of concern to the design or construction
engineer are its strength,-permeability,-and consolidation and compaction
characteristics. Other features may be investigated for a specific prob-
lem, but in general some or all of the properties mentioned ebove are of
primary importance in ai:x earth embankment or foundation project of any
magnitude. It is common practice to evaluate the properties of the soils,
in question by means of laboratory or field tests and to use the results
of such tests as a basis for design and construction. The factors thet
influence strength, consolidation, and other characteristics are numerous
and some of them are not completely understood; consequently, it is im-
practical to evaluate these features by means of a general soils clas-
sification. However, the soil groups in a given classification do have
reasonably similar behavior characteristics, and while such information
is not sufficient for design purposes, it will give the engineer an indi-
cation of the behavior of a soil when used as a component in constructaon.
This 1s especially true in the preliminary examination for a project when
neither time nor money for a detailed soils testing program is available.

2. It should be borne in mind by engineers usang the classification

A
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characteristics; column 11, the suitability of the soils for foundations
(strength and consolidation); and column 12, the requirements for seep-
age control, especially when the soils are encountered in the foundation
for earth embankments (permeability). Brief discussions of these fea-
tures are presented in the following paregraphs.

Suitability of soils for embankments

b, Three major factors that influence the suitability of soils
for use i1n embankments are permeability, strength, and ease of compac-
tion. The gravelly and sandy soils with little or no fines, groups GW,
GP, SW, and SP, are stable, pervious, and attain good compaction wath
cravler-type tractors and rubber-tired rollers. The poorly-graded mate-
rials may not be quite as desirable as those which are well graded, but
all of tl;e materials are suitable' for use in 'l;he perv:lous sections of
earth embankments. Poorly-graded sands (SP)‘ may be more difficult to
utilize and, in general, should have flatter embankment slopes than the
SW soils. The gravels and sands with fines, groups GM, GC, SM, and SC,
have variable characteristics depending on the nature of the fine frac-
tion and the gradation of the entire sample. These materials are often
sufficiently impervious and stable to be used for impervious sections of
embankments. The soils in these groups should be carefully examined to
1nsure that they are properly zoned with relation to other materials in
an embankment. Of the fine-grained soils, the CL group is best adapted
for embankment construction; the soils are ampervious, fairly stable,
and give fair to good compaction with a sheepsfoot roller or rubber-
tired roller. The MH soils, while not desarable for rolled-fill construc-

tion, may be utilized in the core of hydraulic-fill structures. Soils of
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allowable because pool levels must be maintained. The more impervious
soils (GM, GC, SM, SC, CL, MH, and CH) may be used in core sections or in
homogeneous embankments to retard the flow of water. Where it 1s impor-
tant that seepage not emerge on the downstream slope or the possibility
of drawdown exists on upstream slopes, more pervious materials are usual-
ly placed on the outer slopes. The coarse-grained, free-draining soils
(Gw, GP, SW, SP) are best suited for this purpose. Where a variety of
materials is available they are usually graded from least pervious to
more pervious from the center of the embankment outward. Care should be
used in the arrangement of materials in the embankment to prevent piping
within the section. The foregoing statements do not preclude the use of
other arrangements of materials in embankments. Dams have been con-
structed‘suécessfuliy ehfi;ely Lf sand (SW, SP, SM) or of silt (ML) with
the section made large enough to reduce seepage to an allowable value
without the use of an impervious core. Coarse-grained soils are often
used in drains and toe sections to collect seepage water in downstream
sections of embankments. The soils used will depend largely upon the
material that they drain; in general, free-draining sands (SW, SP) or
gravels (GW, GP) are preferred, but a silty sand (SM) may effectively
drain a clay (CL, CH) and be entirely satisfactory.

7. Seepage through foundations. As ain the case of embankments,

the use of the structure involved often determines the amount of seepage
control necessary in foundations. Cases could be cited where the flow

of water through a pervious foundation would not constitute an excessive
water loss and no seepage control measures would be necessary if adequate

provisions were made against paping in critical sreas. If seepage control
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Therefore a positive cutoff may not be required and an upstream blanket,
wells, or a toe trench may be entirely effective. In some csses a com-
bination of blanket and trench or wells may be desirable. Silty soils --
silty gravels (GM), silty sands (SM), and silts (ML) -- usually do not
requare extensive treatment; = toe drainage trench or well system may be
sufficient to reduce uplift pressures. The more impervious silty mate-

:
rials may not be permeable enough to permit dangerous uplift pressures
to develop and in such cases no treatment is indicated. In general, the
more impervious soils (GC, SC, CL, OL, ME, CH, and OH) require no treat-
ment for control of uplift pressures. However, they do assume impor-
tance when they occur as a relatively thin top stratum over more pervious
materials. In such cases uglift.?ressures in the lower layers acting on
the base of t;e impervious top s*t:.ratmn can cause heaving and formation of
boils; treatment of the lower layer by some of the methods mentioned
above is usually indicated in these cases. It 1s emphasized that con-
trol of uplift pressures should not be applied indiscriminately Jjust be-
cause certain types of soils are encountered. Rather, the‘use of control

measures should be based upon a careful evaluation of conditions that do

or can exist, and an economical solution reached that will accomplish

the desired results.

Compaction characterastacs

9. In column 9 of the table are shown the general compaction char-
acteristics of the various soil groups. The evaluations given and the
equapment lasted are based on average field conditions where proper
moisture control and thickness of l1ift are attained and a reasonable num-

ber of passes of the compaction equipment 1s requared to secure the
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(CL) being the best, fat clays and lean organic clzys or silts (OL and CH)
fair to poor, and organic or micaceous soils (ME and OH) usually poor.
For most construction projects of any magnitudc it 2o highly desirsble

to investigate the compaction characteristics of the soil by means of a
field test section. In column 10 of table Al are shown ranges of unit
dry weight of the soil groups for the standard AASHO (Proctor) compactive
effort. It is emphasized that these values ere for guidance only and de-

s1gn or construction control should be based on laboratory test results.

Suatability of soils for foundataions

10. Suitability of soils for foundations of embankments or struc-

tures is primarily dependent on the strength and consolidation character-

istics of the subsoils. Here again the type of structure and its use

‘ *

will -largely éovern the adaptdbiiity of a soil &s a satisfactory founda-
tion. For embankments, large settlements may ove allowed and compensated
for by overbuilding; whereas the allowable settlement of structures such
as control towers, etc., may be small in order to prevent overstressing
the concrete or steel of which they are built, or becauselof the neces-
sity for adhering to established grades. Therefore a soil may be entire-
ly satisfactory for one type of construction but may require special
treatment for other types. Strength and settlement characteristics of
soils are dependent upon & number of variables, such as structure, in-
Place densaty, moisture content, cycles of loading i1n thear geologic has-
tory, etc., which are not readily evaluated by a classification system
such as used here. For these reascns only very general statements can be

made as to the suatabilaty of the various soil types as foundations; thais

1s especially true for fine-grained soils. In general, the gravels and
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for most construction purposes. If highly organic soils occur in the
foundation, they may be removed i1f limited in extent, they may be das-
placed by dumping firmer soils on top, or piling may be driven through

them to a stronger layer; proper treatment will depend upon the structure

involved.

Graphical Presentation of Soils Data

11. It 1s customary to present the results of soils explorations
on drawings or plans as schematic representations of the borings or test
pits wath the soils encountered shown by various symbols. Commonly used
hatching symbols are small irregular round symbols for gravel, dots for
sand, vertical lines for silts, and diagonal lines for clays. Combina-
tions of these sy;nbols represent various combinations of materials found
in the explorations. This system has been adapted to the various soil
groups in the unified soil classification system and the appropriate sym-
bols are shown in column 4 of table Al. As an alternative to the hatch-
ing symbols, they may be omitted and the appropriate group letter symbol
(CL, etc.) written in the boring log. In addition to the symbols on logs
of borings, the effective size, Dy, (grain size in mm corresponding to
10 per cent finer by weight), of coarse-grained soils and the natural
water content of fine-grained soils should be shown by the side of the
log. Other descriptive abbreviations may be used as deemed appropriate.
In certain special instances the use of color to delineate soil types on

maps and drawaings 1s desirable. A suggested color scheme to show the

major soial groups 1s described in column S5 of table Al.
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UNIFIED SOIL CIASSIFICATION SYSTEM
APPENDIX B

CHARACTERISTICS OF SOIL GROUPS PERTAINING TO
RQADS AND AIRFIELDS

Introduction

l. The properties desired in soils for foundations under roads
and airfields and for base courses under flexible pavements are: ade-
quate strength, good compaction characteristics, adequate drainage, re-
sistance to frost action in areas where frost is a factor, and acceptable
compression and expansion characteristics. Certain of these propertaies,
if ipadequate in the soils available, may be supplied by proper construc-
tion methods. For instance, materials having good drainage characteristics
are desirable, but if such materials are not available locally, adequate
drainage may"be obtained by installing a properly designed water collect-
ing system. Strength requirements for base course materials, to be used im-
mediately under the pavement of a flexible pavement structure, are high and
only good quality waterials are acceptable. However, low strengths in
subgrade materials may be compensated for in many cases by increasing
the thickness of overlying concrete pavement or of base materials in
flexible pavement construction. From the foregoing brief discussion, it
may be seen that the proper design of rcads and airfield pavements requires
the evaluation of soil properties in more detail than is possible by use
of the general soils classification system. However, the grouping of
soils in the classification system 1s such that a general indication of

their behavior in rcad and airfield construction may be obtained.

Features Shown on Soils Classification Sheet

2. General characteristics of the soi1l groups pertinent to rcads
and airfields are presented in table Bl. Columns 1 through 5 show major
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should be used in satuations where this is a problem. The coarse-grained
soils in general are the best subgrade, subbase, and base materials. The
GW group has excellent qualities as a subgrade and subbase, and is good
as base material. It is noted that the adjective "excellent" is not

used for any of the soils for base courses; it is considered that the
adjectave "excellent" should be used in reference to a high quality
processed crushed stone. Poorly-graded gravels and some silty gravels,
groups GP and GMd, are usually only slightly less desirable as subgrade
or subbase materials, and under favorable conditions may be used as base
materials for certain conditions; however, poor gradation and other factors
sometimes reduce the value of such soils to such extent that they offer
only moderate strength and therefore their value as a base waterial is
less. The GMu, GC, and SW groups are reasonably good subgrade materials,
but are generally poor to not suitable as bases. The SP and SMd soils
usually are considered fair to good subgrade and subbase materials but

in general are poor to not suitable for base materials. The SMu and SC
soils are fair to poor subgrade and subbase materials, and are not suit-
able for base materisls. The fine-grained soils range frcm fair to very
Poor subgrade materials as follows: silts and lean clays (ML and CL),
fair to poor; organic silts, lean organic clays, and micaceous or diato-
waceous soils (OL and MH), poor; fat clays and fat organic clays (CH and
OH), poor to very poor. These qualities are compensated for in flexible
raveuent design by increasing the thickness of overlying base material,
and in rigid pavement design by increasing the pavement thickness or by
the addition of a base course layer. None of the fine-grained soils are
suitable as subbase or base materials. The fibrous organic soils (group
Pt) are very poor subgrade materials and should be removed wherever pos-
sible, otherwise, special construction measures should be adopted. They
are not suitable as subbase and base materials. The California Bearing
Ratio (CER) values shown 1n column 15 give a relative indication of the
strength of the various soil groups as used in flexable pavement design.
Similarly, values of subgrade modulus (k) in column 16 are relative in-
dications of strengths from plate-bearing tests as used in rigid pavement

design. As these tests are used for the design of pavements, actual
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water in the soil pores wall help to diminish ice segregation in the sub-

grade and subbase.
Ccupressibility and expansion

T. These characteristics of soils may be of two types insofar as
their applicability to road and runway design is concerned. The first
is the relatively long-term compression or consolidation under the dead

weight of the structure, and the second is the short-term ccmpression
and rebound under movang wheel loads. The long-term consoladation of
s0ils becomes a factor in design pramarily when heavy fills are made on
compressible soils. If adequate provision is made for this type of
settlement during construction it will have little influence on the load-
carrying capacity of the pavement. However, when elastic soils subject
to compression and rebound under wheel load are encountered, adequate
protection must be provided, as even small wovements of this type soil
may be detrimental to the base and wearing course of pavements. It is
fortunate that the free-draining, coarse-grained soils (GW, GP, SW, and
SP), which in general make the best subgrade apnd subbase materials, ex-
hibit almost no tendency toward high compressibility or expansion. In
general, the compressibility of soils increases with increasing liquid
limit. The foregoing is not ccmpletely true, as compressibility is also
influenced by soil structure, grain shape, previous loading history, and
other factors that are not evaluated in the classification system. Un-
desirable compressibility or expansion characteristics may be reduced by
distribution of load through a greater thickness of overlying material.
This, in general, is adequately handled by the CBR method of design for
flexible pavements; however, rigid pavements may require the addation of
an acceptable base course under the pavement.

Drainage characteristics
8. The drainage characteristics of soils are a direct reflection

of their permeability. The evaluation of drainage characterastics for

use in roads and runways is shown in column 12. The presence of moisture
in base, subbase, and subgrade materials, except for free-draining, coarse-
grained soils, may cause the development of pore water pressures and loss

of strength. The moisture may come from infiltration of rain water or by
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MII-STD-621A. These values are included pramarily for guidance, design

or control of construction should be based on test results.

Graphical Presentation of Soils Data

10. It is customary to present the results of soils explorations
on drawings as schematic representations of the borings or test pats or
on so1l profiles with the various soils encountered shown by appropriate
symbols. As one approach, the group letter symbol (CL, etc.) may be
written in the appropriate section of the log. As an alternative, hatch-
ing symbols shown in column 4 of table Bl may be used. In addition, the
natural water content of fine-grained soils should be shown along the
side of the log. Other descriptive abbreviations may be used as deemed
appropriate. In certain special instances the use of color to delineate
soil types on maps and drawings is desirable. A suggested color scheme
to show the major soil groups is described in column 5 of table Bl.
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MII-STD-621A. These values are included pramarily for guidance, design
or control of construction should be based on test results.

’

Graphical Presentation of Soils Data

10. It is custamary to present the results of soils explorations
on drawings as schematic representations of the borings or test pits or
on soil profiles with the various soils encountered shown by appropriate
symbols. As one approach, the group letter symbol (CL, etc.) may be
written in the appropriate section of the log. As an alternative, hatch-
ing symbols shown in column 4 of table Bl may be used. In addition, the
natural water content of fine-grained soils should be shown along the
side of the log. Other descriptive abbreviations may be used as deemed
ayproprie.te. In certain special instances the use of color to delineate
doil types on maps and drawings is desirable. A suggested color scheme
to show the major soil groups is described in colum 5 of table Bl.



qm}’ Designation- D 422 - 63 (Reapproved 1972)’

Standard Method for
Particle-Size Analysis of Soils’

This standard 1s 1ssued under the fixed designation D 422, the number immedsatelv following the designauon indicates the year of
onginal adopuon or 1n the case of revision. the year of last revision A number 1n parentheses indicates the year of last reapproval A
superscript epsilon (¢) indicates an edstonal change since the last revision or reapproval

¢ NoTe—Section 2 was added editonally and subsequent secions renumbered in July 1984

1 Scope

1 1 This method covers the quantitative determination of
the distnbution of particle sizes 1n soils. The distnbuton of
particle sizes larger than 75 pm (retained on the No 200
sieve) 1s determined by sieving, while the distnbution of
particle sizes smaller than 75 pm s determned by a
sedimentation process, using a hydrometer to secure the
necessary data (Notes 1 and 2)

NOTE 1—Separation may be made on the No 4 (4 75-mm), No 40
(425-tm), or No 200 (75-um) sieve 1nstead of the No 10 For whatever
sieve used, the size shall be indicated in the report.

NOTE 2—Two types of dispersion devices are prowvided. (/) a
high-speed mechanical surrer, and (2) air dispersion Extensive mvesti-
gauons indicate that air-dispersion devices produce 2 more posive
dispersion of plasuc soils below the 20um size and appreciably less
degradation on all sizes when used wath sandy souls. Because of the
definite advantages favoning air dispersion, its use 1s recommended. The
results from the two types of devices differ :n magmtude, depending
upon sotl type, leading to marked differences in particle size distnbu-
uon, especially for sizes finer than 20 pum.

2. Referenced Documents

2.1 ASTM Standards

D421 Practice for Dry Preparation of Soil Samples for
Particle-Size  Analysis and Determination of Soil
Constants®

E 11 Speaficanon for Wire-Cloth Sieves for Testing

E 100 Speaification for ASTM Hydrometers*

3. Apparatus

3 1 Balances—A balance sensitive to 0 01 g for weighing
the matenal passing a No 10 (2.00-mm) sieve, and a balance
sensitive to 0 | % of the mass of the sample to be weighed for
weighing the matenal retained on a No 10 sieve.

3.2 Surring Apparatus—Either apparatus A or B may be
used.

321 Apparatus A shall consist of a mechamcally oper-
ated surmng device 1n which a suitably mounted electnc
motor turns a vertical shaft at a speed of not less than 10 000
pm without load The shaft shall be equipped with a

' This method s under the junsdicuon of ASTM Commutsee D-18 on Soil and
Rock and is the direct responsibility of Subcommuttee D1803 on Texture
Plasucity and Densitv Charactensucs of So Is.

Df_;t:mm edition approved Nov 2§ 1963 Onginally published 1935 Repiaces

22 -~ 62,

= dnnual Book of 4STVM Standards Vol 04 08

* dnnual Book or 45TV Standards Vol 1302

* dnnual Book ot 4STM Standards ™ot 1401

87

replaceable stumng paddle made of metal plastic, or hard
rubber, as shown 1n Fig. | The shaft shail be of such length
that the surnng paddle will operate not less than % 1n (190
mm) nor more than 1% 1n. (38 | mm) above the bottom of
the dispersion cup A special dispersion cup conforming to
either of the designs shown in Fig. 2 shall be provided to hold
the sample while 1t 1s being dispersed

322 Apparatus B shall consist of an air-jet dispersion
cup® (Note 3) conforming to the general details shown 1n Fig.
3 (Notes 4 and 5)

NoTE 3-—The amount of air required by an arr-jet dispersion cup 1s
of the order of 2 ft*/mn, some small air compressors are not capable of
suppiving sufficient air 10 operate a cup

NoTE 4—Another air-tvpe dispersion device, known as a dispersion
tube, developed by Chu and Davidson at Iowa State College, has been
shown to give results equivalent to those secured by the air-jet dispersion
cups. When 1t 1s used, soalang of the sample can be done in the
sedimentation cyhnder, thus eimnating the need for transfernng the
slurry When the awr-dispersion tube 1s used, 1t shall be so indicated 1n

the report.
NoOTE 5—Water may condense 1n air lines when not mn use. Tlus

water must be removed, exther by using a water trap on the air hine, or by
blowing the water out of the hne before using any of the air for

dispersion purposes.

33 Hydrometer—An ASTM hydrometer, graduated to
read 1n either specific gravity of the suspension or grams per
litre of suspension, and conforming to the requrements for
hydrometers 151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale being the
only item of difference.

34 Sedimentation Cviinder—A glass cylinder essentially
18 1n (457 mm)n height and 2%1n (63 5 mm) in diameter,
and marked for a volume of 1000 mL. The inside diameter
shall be such that the 1000-mL mark 1s 36 + 2 cm from the
bottom on the inside

35 Thermometer—A thermometer accurate to I°F
(05°C)

36 Steves—A senes of sieves of square-mesh woven-wire
cloth conforming to the requirements of Specification E 11
A full set of sieves includes the following (Note 6)

3 Detailed working drawings for this cup are available at a nornal cost trom
the Amencan Society for Testing and Matenals. 1916 Race St Philadeiphia. PA
19103 Order Adjunct No 12-104220-00
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FIG. 1 Detail of Stimng Paddles

3an. (75-mm) No 10 (2 00-mm) » ”
240 (50-mm) No 20 (850-um) to———3 25" dhom —— pe—— 3. 75 “dliom ———~}
1%-1n. (37 5-mm) No 40 (425-um)
l-1n. (25 0-mm) No 60 (250-um) b } ,-
%-tn (19 0-mm) No 140 (106-um)
¥ein. (9 5-mm) No. 200 (75um)
No. 4 (4 75-mm)

NOTE 6—A set of sieves giving uniform spacing of points for the
as required 1n Section 17, may be used if desired. Thus set consists
the followang sieves:

3. (75-mm) No 16 (! 18-mm)
1%, (37.5-mm) No. 30 (600~41m)
¥-1n. (19.0-mm) No. 50 (300-um)
%0, (9.5-mm) No 100 (150-um)
No. 4 (4 75-mm) No 200 (75-um)
No. 8 (2.36~mm)

37 Waier Bath or Consiant-Temperature Room—A
water bath or constant-temperature room for mamtaining
the soil suspension at a constant temperature dunng the
hydrometer analvsis. A satisfactory water tank 1s an msulated
tank that mantains the temperature of the suspension at a
convenient constant temperature at or near 68°F (20°C).
Such a device 1s 1llustrated 1n Fig. 4 In cases where the work
1s performed 1In a room at an automatically controlled
constant temperature, the water bath 1s not necessary.

3.8 Beaker—A beaker of 250-mL capacity

39 Tinung Device—A waich or clock with a second
hand

4. Dispersing Agent

4 ] A soluuon of sodium hexametaphosphate (sometimes
called sodium metaphosphate) shall be used in distilled or
demineralized water, at the rate of 40 g of sodium
hexametaphosphate/hitre of soluuon (Note 7)

Note 7—Solutions of this salt. if acidic slowly revert or hvdrolvze
back to the orthophosphate form with a resultant decrease 1n dispersive

10n Solutions should be prepared frequently (at least once a month)
djusted 1o pH of 8 or 9 bv means of sodium carbonate. Botties
tning soluuions should have the date of preparauon marked on
em

42 AIl water used shall be ether disulled or
demuneralized water The water for a hvdrometer test shall

i

Permanent
Baffle
Rods
7
A

L

pre—

26 "diom.—{
Metnc Equivalents
in. 13 26 375
mm 33 66 952

FIG 2 Dispersion Cups of Apparatus

be brought to the temperature that 1s expected to prevai
dunng the hydrometer test. For example, if the sedimenta-
tion cyhnder 1s to be placed 1n the water bath, the distilled or
demineralized water to be used shall be brought to the
temperature of the controlled water bath, or, if the sedimen-
tation cyhnder 1s used 1n a room with controlled tempera-
ture, the water for the test shall be at the temperature of the
room The basic temperature for the hvdrometer test 1s 68°F
(20°C) Small vanauons of temperature do not introduce
differences that are of pracucal significance and do not
prevent the use of corrections denved as prescribed
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FIG. 3 Air-Jet Dispersion Cups of Apparatus B

5 Test Sample

51 Prepare the test sample for mechantcal analysis as
outlined 1n Practice D421 Dunng the preparation proce-
dure the sample 1s divided 1nto two portions. One portion
contains only particles retained on the No. 10 (2.00-mm)
sieve while the other portion contans only particles passing
the No 10 sieve The mass of aw-dned soil selected for
purpose of tests, as prescribed 1n Practice D 421, shall be
sufficient to yield quantties for mechamcal analysis as
follows:

5 1.1 The size of the portion retained on the No. 10 sieve
shall depend on the maximum size of particle, according to
the following schedule:

Nominal Diameter of
Largest Parucies. Approximate Minimum

10. (mm) Mass of Poruon, g
% (95) 500
¥ (190) 1000

1 (254) 2000

1va (38 1) 3000

2 (508) 4000

3 (762) 5000

512 The size of the portion passing the No. 10 sieve shall
be approximately 115 g for sandy soils and approximately 65
g for silt and clay souls.

52 Provision 1s made 1n Section 5 of Practice D 421 for
weighing of the air-dry soil selected for purpose of tests, the
separation of the soil on the No 10 sieve by dry-sieving and
washing, and the weighing of the washed and dned fraction
rerauned on the No 10 sieve From these two masses the
percentages retained and passing the No 10 sieve can be
Galculated 1n accordance with 12.1

NOTE 8—A check on the mass values and the thoroughness of
pulvenzauon of the clods mav be secured bv weighing the portion
Passing the No 10 sieve and addmng this value to the mass of the washed
and oven-dned portion retamed on the No 10 sieve

{2.00-mm) SIEVE

SIEM E ANALYSIS OF PORTION RETAINED ON NO 10
. 6 Procedure

6 1 Separate the poruon retmned on the No 10 (200-
MM} sicre 1nto a senes of tracuons using the 3-in (75-mm)

39

1 - - o
1 )2
1 g /- Sk
1 A ‘O \ 11 el
A : e
on 1174
3
41 2
h -37° 3%
Gahorzed Sheet Mefol. 3,
r rwr 7

) T N— L Y Y Y

I
i
2 S Rac
Overfiow--=-%

O
"

L4
- » 1Y
: B T[,dfasﬁlole :é';
C 3 WIS~ i G AR R - - ‘.?l {7
Metric Equivalents
n % 1 3 6% 14 37
mm 22 254 762 158.2 358 940

FIG. 4 Insulated Water Bath

2., (50-mm), 1%-m. (37 5-mm), 1-n. (25 0-mm), ¥%-in.
(19.0-mm), %-in (9 S-mm), No 4 (4 75-mm), and No 10
sieves. Or as many as may be needed depending on the
sample or upon the specifications for the matenal under
test.

6 2 Conduct the sieving operation by means of a lateral
and vertical mouon of the sieve, accompanied by a jamng
acuon 1n order to keep the sample moving continuously over
the surface of the sieve In no case turn or manmpuiate
fragments 1n the sample through the sieve by hand Continue
sieving unul not more than | mass % of the residue on a
sieve passes that sieve dunng | mun of sieving When
mechanical sieving 1s used test the thoroughness of sieving
by using the hand method of sieving as descnbed above

6 3 Determne the mass of each fraction on 2 balance
conforming to the requirements of 31 At the end of
weighing. the sum of the masses retained on all the sieves
used should equal closelv the onginal mass ot the quanun
sieved



e e TP i e TR -

i D a2

HYDROMETER AND SIEVE ANALYSIS OF PORTION
PASSING THE NO 10 (2 90-mm) SIEVE

‘7. Determination of Composite Correction for Hydrometer
Reading

7 1 Equauons for percentages of soil remaining 1n suspen-
sion. as given 1n 14 3 are based on the use of disulled or
demineralized water A dispersing agent 1s used 1n the water,
however, and the specific gravity of the resulting hiqud 1s
appreciably greater than that of disulled or deminerahzed
water.

7 1 1 Both soil hvdrometers are calibrated at 68°F (20°C),
and vanauons in temperature from this standard tempera-
ture produce naccuracies in the actual hydrometer readings.
The amount of the inaccuracy increases as the vanaunon
from tne standard temperarure 1ncreases.

7 1.2 Hvdrometers are graduated by the manufacturer to
be read at the bottom of the meniscus formed by the hqud
on the stern Since 1t 1s not possidle to secure readings of soil
suspensions at the bottom of the memscus, readings must be
taken at the top and a correction apphed.

713 The net amount of the correctuions for the three
1tems enumerated 1s designated as the composite correction,
and may be determined expenmentallv

7.2 For convemence, a graph or table of composite
corrections for a senes of 1* temperature differences for the
range of expected test iemperatures may be prepared and
used as needed. Measurement of the composite corrections
may be made at two temperatures spannng the range of
expected test temperatures, and corrections for the mterme-

temperatures calculated assuming a straight-line rela-
onship between the two observed vaiues.

7.3 Prepare 1000 mL of liquid composed of distilled or
demineralized water and dispersing agent n the same
proporuon as will prevail 1n the sedimentanon (hydrometer)
test. Place the hquud 1n a sedimentanon cychnder and the
cyhnder 1n the constant-temperature water bath. set for one
of the two temperatures to be used. When the temperature of
the liquid becomes constant. nsert the hydrometer, and.
after a short interval to permit the hydrometer to come to the
temperature of the hiquid. read the hydrometer at the top of
the memscus formea on the stem. For hydrometer 151H the
composite correction 1s the difference berween this reading
and one: for hydrometer 152H 1t 1s the difference berween
the reading and zero Brning the hiquid and the hydrometer to
the other temperature to be used. and secure the composite
correction as before

8. Hygroscopic Moisture

8 1| When the sample 1s weighed for the hvdrometer 1est.
weigh out an auxiharv portion of from 10 to 15 g 1n a smalil
metal or glass contuner drv the sample to a constant mass 1n
an oven at 230 = 9°F (110 = 5°C), and weigh agun. Record
the masses

9 Dispersion of Soil Sample
9 1 When the soil 1s mostiv of the clav and silt sizes. weigh

t a sample of air-drv soil of approximately 50 g. When the
il 1s mosth sand the sampie should be approximareiv 100

g

9 2 Place the sampte 1n the 250-mL beaker and cover with
125 mL of sodium hexametaphosphate soluuon (40 g/1)
Str unul the soil 1s thoroughly wetted. Allow to soak for at
least 16 h.

9.3 At the end of the soaking peniod. disperse the sample
further, using esther sumng apparatus A or B If sumng
apparatus A 1s used, transfer the soil - water slurry from the
beaker mto the special dispersion cup shown m Fig. 2,
washing any residue from the beaker mnto the cup with
disulied or demineralized water (Note 9) Add distulled or
demineralized water 1f necessary, so that the cup 1s more
than half full. Sur for a penod of 1 min.

NOTE 9—A large sze synnge 1s a convement device for handhing the
water 1n the washing operauon  Other devices include the wash-water
bottic and a hose with nozzie connected 10 a pressunzed distilled water
tank.

94 If surnng apparatus B (Fig. 3) 1s used, remove the
cover cap and connect the cup to a compressed air supply by
means of a rubber hose A ar gage must be on the line
between the cup and the control valve. Open the conmol
valve so that the gage mndicates | ps (7 kPa) pressure (Note
10). Transfer the soil - water slurrv from the beaker to the
air-jet dispersion cup by washing with distlled or
demmneralized water Add disnlled or dermnerahized water, if
necessary, so that the total volume 1n the cup 1s 250 mL, but
no more.

Nore 10—The mual air pressure of 1 ps1 1s requared to prevent the
soul - water mixture from entenng the air-jet chamber when the mixture
1s transferred to the dispersion cup.

9.5 Place the cover cap on the cup and open the arr

control valve until the gage pressure 1s 20 ps1 (140 kPa).
Dasperse the soil according 1o the followng schedule:

Disperson Pertod,
Plasncrry Index min
Under § 5
61020 10
Over 20 15

Souls contamning large percentages of mica need be dispersed
for only | mun. After the dispersion peniod. reduce the gage
pressure 10 1 pst preparatory to transfer of soil - water slurry

to the sedimentanon cyhinder.

10. Hydrometer Test

10 1 Immediately after dispersion. transfer the soil - water
slurry to the glass sedimentanion cylinder, and add disniled
or demineralized water unul the total volume 1s 1000 mL.

10 2 Using the palm of the hand over the open end of the
cylinder (or a rubber stopper in the open end), turn the
cylinder upside down and back for a peniod of 1 mun to
complete the agitauon of the slurry (Note 11) At the end of
I mn set the cvlinder 1n a convenient locauon and take
hydrometer readings at the following intervals of ume
(measured from the beginning of sedimentauon), or as many
as may be needed. depending on the sample or the speaifica-
tion for the matenal under test. 2. 5 15 30 60 250 and
1440 mun If the controlled water bath 1s used. the sedimen-
tauon cylinder should be placed in the bath between the 2-
and 5-mun readings.

Note 11-——The number of turns dunng this minute should be
approximatelv 60 counung the turn upside down and back as two wums.
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Any soil Temaming 1n the botiom of ¢ < linde- dunng the first few
rums should be loosened by vigorous snawrg of the cvimder while 1t 1s
1n the 1nvented posiuon

103 When 1t 1s desired to ake a hydrometer reading,
carefully insert the hydrometer about 20 to 25 s before the
reading 1s due to approximately the depth 1t will have when
the reading 1s taken As soon as the reading 1s taken, carefully
remove the hydrometer and place 1t with a spinning motion
n a graduate of clean distlled or demineralized water.

NOTE 12—It 15 important to remove the hydrometer immediately
after cach reading. Readings shail be taken at the top of the memscus
formed by the suspension around the stem since 1t 1s not possibie to
secure readings at the bottom of the memscus.

104 After each reading, take the temperature of the
suspension by inserting the thermometer 1ato the suspen-
sion.

11. Steve Analysis

111 After taking the final hydrometer reading, transfer
the suspension to a No 200 (75-um) sieve and wash with tap
water untl the wash water 1s clear Transfer the matenal on
the No 200 sieve to 2 surtable container, dry 1n an oven at
230 + 9°F (110 % 5°C) and make 2 sieve analysis of the
poruon retained. using as manv steves as desired. or requured
for the matenal. or upon the specificauon of the matenal
under test.

CALCULATIONS AND REPORT

12. Sieve Analysis Values for the Portion Coarser than the
No. 10 (2.00-mm) Sieve

12.1 Calculate the percentage passing the No. 10 sieve by
dividing the mass passing the No 10 sieve by the mass of soil
onginally split on the No. 10 sieve. and muinplying the result
by 100 To obtain the mass passing the No. 10 sieve, subtract
the mass retained on the No 10 sieve from the onginal mass.

12.2 To secure the total mass of soil passing the No 4
(4 75-mm) sieve, add to the mass of the matenal passing the
No. 10 sieve the mass of the fracnon passing the No. 4 sieve
and retained on the No. 10 sieve. To secure the total mass of
so passing the %-in (9 5-mm) sieve, add to the total mass of
sou passing the No. 4 sieve, the mass of the fracnon passing
the %-in. sieve and retaned on the No 4 sieve. For the
remaiming sieves, continue the calculations 1n the same
manner,

12.3 To determine the total percentage passing for each
sieve, divide the total mass passing (see 12 2) by the total
mass of sample and multiply the result by 100

13. Hygroscopic Moisture Correction Factor

131 The hvdroscopic moisture correction factor is the
rauo between the mass of the oven-dned sample and the
air-dry mass before drving. It 1s a number less than one.
except when there 1s no hygroscopic moisture

14 Percentages of Soil in Suspension

14 1 Calculate the oven-dn mass of soil used in the
hvdrometer analvsis bv mulupiving the air<drv mass by the
hvgroscopic morsture correction factor

—

o1

Y

TABLE 1 Vafues of Comecton Factor a for Different Specific
Gravities of Soil Partcles*
Spectfic Grawnty Correcton Factor*
295 094
290 g8as
2.85 096
2.80 097
275 098
2.70 099
2.65 100
260 101
2.55 102
250 103
245 105

4 For use 1 equabon for percentage of Sod reManMmng N suspension when using
Hydrometer 152H.

14.2 Calculate the mass of a total sample represented by
the mass of soil used 1n the hydrometer test, by dividing the
oven-dry mass used by the percentage passing the No. 10
(2 00-mm) sieve, and multipiving the result by 100 This
value 1s the weight W in the equanon for percentage
remaining 1n Suspension

14 3 The percentage of soil remaining 1n suspension at the
Ievel at which the hydrometer 1s measunng the density of the
suspension may be calculated as follows (Note 13) For
hydrometer 151H

P = {(100000/W) x GNG — G)IR ~ Gy)

NOTE 13—The bracketed portion of the equatton for hydrometer
151H is constant for a senes of readings and may be calculated first and
then multiphied by the portion 1n the parentheses.

For hydrometer 152H:

P = (Ra/W) x 100

where:

a = correction faction to be applied to the reading of
hydrometer 152H. (Values shown on the scale are
computed using a speafic gravity of 2.65. Correction
factors are given 1n Table 1),

P = percentage of soil remaiming 1n suspension at the level
at which the hydrometer measures the density of the
suspension,

R = hydrometer reading with composite correction ap-
phed (Section 7),

W = oven-dry mass of soil 1 a total test sample repre-
sented by mass of soil dispersed (see 14.2), g,

G = speafic gravity of the soil particles, and

G, = spealfic gravity of the liquid 1n which soul particies are
suspended. Use numencal value of one m both
mstances 1n the equanon. In the first instance any
possible vanation produces no sigmficant effect, and
1n the second 1astance, the compostte correction for R
1s based on a value of one for G,.

15. Diameter of Soil Parucles

15.1 The diameter of a parucle cormresponding to the
percentage indicated by a given hydrometer reading shall be
calculated according to Stokes’ law (Note 14), on the basis
that a partucle of this diameter was at the surface of the
suspension at the beginning of sedimentation and had setded
to the level at which the hydrometer 1s measunng the density
of the suspension According to Stokes’ law’

D = J{30n/980(G — G X L/T
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where
D diameter of parucie mm.

n = coeffictent of viscosity of the suspending medium (in
. this case water) 1n poises (vanes with changes m
temperature of the suspending medium),
distance from the surface of the suspension to the
level at which the density of the suspension 1s being
measured, cm. (For a given hvdrometer and sedimen-
tauon cvhnder, values vary according to the hydrom-
eter readings. This distance 1s known as effecuve
depth (Table 2)),
T = nterval of tme from beginming of sedimentation to
the takang of the reading, min,
G = speafic gravity of soil partcies. and
G, = speafic gravity (relanve density) of suspending me-
dium (value mav be used as 1000 for all practical
purposes)

NOTE 14—Since Stokes law consigers the termmal veloaty of a
single sphere falling 1n an infimtv of hquid. the sizes calculated represent
the diameter of spheres that would fall at the same rate as the sod
partcles.

15.2 For convemence 1n caiculanons the above equanon
may be wnrten as follows.

D= KJL/T

L

[l

where:

K = constant depending on the temperamure of the suspen-
sion and the speaific gravity of the soil parucles. Values
of X for a range of temperatures and specific gravines
are given 1n Table 3. The value of X does not change for
a senies of readings consutunng a test, while values of L
and T do vary.

15.3 Values of D may be computed with sufficient accu-

racy, using an ordinary 10-in. shde rule.

NOTE 15~—The value of L 1s divided by T using the A- and B-scales,
the square root being indicated on the D-scale. Without ascertumng the
gueofthesqmmoutmaybcmulnphedbyic using exther the C-or

-scale,

16. Sieve Analysis Vaiues for Poruon Finer than No. 10
(2.00-mm) Sieve

16.1 Calculanon of percentages passing the vanous sieves
used in sieving the pornon of the sample from the hydrom-
eter test involves several steps. The first step 1s 10 calculate
the mass of the fracuon that would have been retned on the
No. 10 sieve had 1t not been removed. This mass 1s equal to
the total percentage retaned on the No. 10 sieve (100 minus
total percentage passing) times the mass of the total sampie
represented by the mass of sod used (as calculated 1n 14.2),
and the result divided bv 100.

16.2 Calcuiate next the total mass passing the No 200
sieve, Add together the fracuonal masses retained on all the
sieves. including the No 10 sieve, and subtract this sum from
the mass of the total sample (as calculated 1n 142).

16 3 Caicuiate next the total masses passing each of the
other sieves 1n a manner similar to that given 1 12.2.

16 4 Caiculate last the total percentages passing by di-
ding the total mass passing (as calculated n 16.3) by the
tal mass of sample {as calculated 1n 14 2), and mulupiy the
result bv 100

TABLE 2 Vasailues of Eftective Depth Based on Hydrometer and
Sedimentation Cylinder of Specthed Sizes*

Hyarometer 152H

Hycarometer 151H
Actual Elfective Actuad Effectve Actusl Effecuve
Hyarometer  Depth, Hydrometer Depth, Hydrometer Deptn,
Resang L.om Lon Readng Lom
1.000 163 0 163 A n2
1.001 160 1 16.1 32 11
1.002 15.8 2 16.0 33 109
1003 155 3 158 34 107
1.004 152 4 156 35 10.6
1005 150 s 155
1.006 147 6 153 36 104
1007 144 7 152 37 102
1008 142 8 15.0 38 101
1.009 13.9 9 148 39 99
1.010 17 10 147 40 97
1011 134 1" 145 41 96
1012 13.1 12 143 42 94
1.013 129 13 142 43 92
1014 126 1L 140 44 91
1015 123 15 1338 45 89
1.016 121 16 137 46 88
1017 1.8 17 135 47 86
1.018 15 18 133 48 84
1.019 13 19 132 49 83
1.020 10 20 13.0 50 8.1
1.021 107 21 129 51 79
1.02 105 2 127 52 78
1.023 102 23 125 53 76
1.024 10.0 L] 124 54 74
1.025 97 25 122 55 73
1026 94 26 1220 56 71
1027 92 z 119 57 70
1.028 89 2 17 58 68
1.029 86 -] 1ns 59 6.6
1.030 a4 30 114 60 85
1.031 a1
1032 78
1033 78
1034 73
1.035 70
1.036 88
1.037 65
1.038 62
4 Values of effective Gepth are caicisted from the equaton:
Lmiy+%(ly = Vol
wherne:

L = effectve depth. cm,
Ly = cistance siong the stem of the hyarometsr from the top of the buid to the
mark for a hyarometer reading, cm,
Ly = overall length of the hycrometer buld, cm,
Vg = volume of hydrometer buld, an® and
A = cross-sectonal ares of secFnentaton Cyiinoer om?
Vaiues used in caicuiatng the vaiues n Table 2 are as follows:
For both hyarometers, 1514 and 152H:
L; =140cm
Vg ~670cm”
A =278
For hrydrometer 151H-
Ly = 10.5 on for a reaong of 1.000
= 2.3 cm for a reaang of 1.031
For frydrometer 152H.
Ly = 10.5 cm for a reacdng of 0 g/xtre
= 2.3 on for a reaang of 50 g/stre

17. Graph
17 1 When the hvdrometer analysis is performed. a graph
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TABLE 3 Values of K tor Use in Equation for Computing Diameter of Particle in Hydrometer Analys:s

Temperature Speatfic Gravity of Sod Parbcies

*c 245 250 2.55 260 2.65 270 275 2.80 285

16 001510 001505 001481 001457 001435 001414 001394 001374 001356
17 001511 001486 001462 001439 001417 001396 001376 0.01356 001338
18 001492 001467 001443 001421 001399 001378 001359 001339 001321
19 001474 0.01449 001425 001403 001382 0.01361 001342 01323 0.01305
20 001456 001431 001408 001386 001365 001344 001325 001307 0.01289
21 001438 001414 001391 001369 001348 001328 001309 001291 0.01273
2 001421 001397 001374 001353 001332 001312 001294 0.01276 001258
23 0.01404 0.01381 0.01358 001337 co1317 001297 001279 001261 001243
24 0.01388 0.01365 001342 0.01321 0.01301 0.01282 0.01264 0.01246 0.01229
25 001372 001349 001327 001306 001286 001267 001249 001232 0.01215
26 001357 001334 0.01312 0.01291 001272 0.01253 0.01235 0.01218 0.01201
7 001342 001319 001297 001217 001258 001239 001221 001204 0.01188
28 001327 001304 0.01283 0.01264 001244 0.01255 001208 001191 0.01175
29 0.01312 001290 001269 001249 001230 001212 001185 001178 0.01162
30 001298 001276 001256 0.01236 001217 001199 001182 001165 001149

of the test results shall be made, plotting the diameters of the
particles on a loganthmic scale as the abscissa and the
percentages smaller than the corresponding diameters to an
anthmetic scale as the ordmate. When the hydrometer
analysis 1s not made on a portion of the soil, the preparation
of the graph 1s opuonal since values may be secured directly

from tabulated data.

18. Report

18.1 The report shall include the following:
18.1.1 Maximum size of particles,
18.12 Percentage passng (or retamned on) each sieve,
'which may be tabulated or presented by ploting on a graph
{Note 16),

18.1.3 Description of sand and gravel particles:

18.1.3.1 Shape—rounded or angular,

18 1.3.2 Hardness—hard and durable, soft, or weathered
and friable,

18.1.4 Speafic gravity, if unusually high or low,

18.1.5 Any difficulty 1n dispersing the fraction passing the
No. 10 (2.00-mm) sieve, indicating any change in type and
amount of dispersing agent, and

18.1.6 The dispersion device used and the length of the
dispersion penod.

NoTE 16~Tlus tabulauon of graph represents the gradation of the
sample tested. If particles larger than those contuned mn the sample were
removed before tesung, the report shall so state giving the amount and
maximum size.

18.2 For matenals tested for comphance with definte
specifications. the fractions called for 1n such specifications
shall be reported The fracuons smaller than the No 10 sieve
shall be read from the graph.

18.3 For matenals for which complhance with defimte
speaifications 1s not indicated and when the soil 1s composed

almost entrely of particles passing the No 4 (4 75-mm)
sieve, the resuits read from the graph may be reported as
follows:

’
.

(3) Silt sze, 0.074 to 0.005 mm .
(#) Qay uze, smaller than 0.005 mm
Collosds, smaller than 0.00! mm .
18 4 For matenals for which comphance with definite
specifications 1s not mndicated and when the soil contains
matenal retamned on the No. 4 sieve sufficient to require a
steve analysis on that portion, the results may be reported as
follows (Note 17):

(1) Gravel, pasang 3-in. and retained on No. 4 seve %

(2) Sand, pasang No. 4 sieve and reaaned on No. 200 seve %

(a) Coarse sand, pasnang No 4 sieve and retamned on %
No. 10 sieve

(b) Medum sand, passing No. 10 acve and retained on %
No. 40 sicve

(c) Finesand, passing No. 40 sieve and retaned on No. %

200 sicve

%

%

%

SIEVE ANALYSIS

Sieve Size

3an . .

2-m.

1%-1n. cer -

f4n. -

Yon,

%, . .

No. 4 (4.75-mm)

No. 10 (2.00-mm)

No. 40 (425-um)

No. 200 (75-um) . .
HYDROMETER ANALYSIS

0.074 mm
0005 mm
0001 mm

NotE 17—No 8 (2.36-mm) and No 50 (300-um) sieves may be
subsututed for No 10 and No 40 sieves.

The Amencan Socsety for Tasting and Materials takes no postion respecting the vaidity of any patent nghts asserted in connection
with any ntem mentioned in ths standard Users of this stancard are exprassly advised that determunation of the validity of any such
patent nonts and the nisk of infrngement of such nGits are entirely their own responsibity

This stancard 1s subject to revision 8t any time by the responsible technical commettee and must be reviewed every five yeers and
i not revised enher reapproved or withdrawn. Your COMMents are mnvited adher (or revision of thws stancard or for additional standards

and shouid dbe acdressed 10 ASTM Headquarters Your comments will recere careful consideraton af a

g of the resp b

technical commates wiuch you may sttend If you feel that your comments have not received & far heenng you should make your
views known 10 the ASTM Commrttee on Stanaards 1916 Race St. Philadeiphsa, PA 19103
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20 PURPOSE AND SCOPE

3.0

490

4.1

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats
Plant (RFP) for dnlling and obtaiming samples of soil and rock from hollow-stem auger borings
In general, hollow-stem auger coring will be the preferred technique for obtamning environmental
samples of subsoil and bedrock from boreholes at the RFP  Other types of samples may also be
obtamned from hollow-stem auger borings This SOP describes hollow-stem auger drilling and
sampling equpment and procedures, and decontammnation that will be used for field data collection
and documentation 1 order to attan acceptable standards of accuracy, precision, comparability,

representativeness, and completeness.

PERSONNEL QUALIFICATIONS

Personnel overseeing drilhing operations and logging alluvial and bedrock matenals should be
geologists with a mmmum of aB S or B.A degree m geology and have applicable field expernience.
Other quabfied personnel may mclude geotechmcal engmneers or field techmcaans with an
appropriate amount of ficld experience or on-the-job training under supervision of another qualified
person. The personnel will be trammed to log according to the RFP "reference” cores and samples
(see SOP GT 1, Logging Alluvial and Bedrock Materal)

REFERENCES

SOURCE REFERENCES

The followng 1s a list of references reviewed prior to the writing of this procedure*

A Compendiim of Superfund Field Operations Methods EPA/540/P-87/001 December 1987

(4011 REV)(GTZREV 1)(06/05/91)
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50

for Con ing Rem n ] Feasibili nder CE Interim
Final EPA/540/G-89/004 October 1988

RCRA Faahty Investigation Gwidance Intennm Final May 1989

RCRA Groundwater Momtoring Techmical Enforcement Gwidance Document EPA, OSWER-
9950.1, September, 1986,

INTERNAL REFERENCES

Related SOPs cross-referenced by this SOP are

. SOP FO.3, General Equipment Decontamination

. SOP FO.4, Heavy Equipment Decontammation

. SOP FO.8, Handling of Drilhng Fluds and Cuttings

. SOP FO 9, Handling of Residual Samples

. SOP GT 1, Logging Alluvial and Bedrock Material

. SOP GT.J3, Isolating Bedrock from Alluvium with Grouted Surface Casing
. SOP GT 4, Rotary Dnlling and Rock Coring

. SOP GT.5, Plugging and Abandonment of Boreholes

. SOP GT 6, Momtoring Well and Piezometer Installation

. SOP GT 10, Borehole Clearing

PROCEDURES FOR DRILLING AND SAMPLING

Hollow-stem augers are one type of continuous-flight auger used for advancing boreholes when
discrete samples of the subsurface matenals are obtained They are particularly apphcable for

samphng maternals with a tendency to cave in and for environmental samphng The augers consist

(4011 REV)(GT2REYV 1)(06/05/91)
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51

of sections of steel tubing (usually 5 feet long) with steel hehcal flights around the outside
Segments of auger are added as the borehole advances, and samples are retrieved through the

mside of the auger without having to remove the auger from the borehole during sampling

With this techmque, samples will be obtained either with standard spht spoon or Califormia drive
samplers, or with a continuous core augering techmque The continuous coring technique can
obtan up to 5-foot-long cores n a 5-foot-long sample barrel, however, at the RFP sampling will be
conducted in increments of 2 feet to enhance sample recovery unless otherwise specified 1n the FSP
Drive samphng will normally obtan a 12- to 18-1nch-long sample depending on the length of the
sampler Visual logging of the alluvial and bedrock matenals will be performed according to SOP
GT 1, Logging of Alluvial and Bedrock Matenal Samphing for chemical analysis i1s addressed n
this SOP All samphing equipment will be protected from the ground surface with clear plastic
sheeting. All dnlling and sampling activities will be conducted in accordance with the project
Health and Safety Plan

EQUIPMENT AND MATERIALS

The following equipment and matenals are needed for hollow-stem auger drilling and soil samphing.
Only the types of samplers required by the samphng speafied in the Field Samphng Plan (FSP) will

be required on a given project
. Dnill ng equipped for drilling and sampling with hollow-stem augers
. Continuous core augering equipment (including 2-1/2- to 3-inch inside diameter

sample barrel sumtable for 2-foot sample rods)

. Standard sphit spoon sampler (ASTM D 1586)

(4011 REV){GT2REV 1){06/05/91)
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. Califorma spoon sampler

(4011 REV)(GT2REV 1)(06/05/91)

Brass (or stamless steel) Cahforma liners (2-inch-diameter)

3-inch-long stainless steel volatile/semi-volatile organic analysis (VOA) sample

hner for contmuous auger core barrel

Teflon® film (cut in 4-mch x 4-inch squares)

Plastic caps for Cahforma and VOA hners

Self-adhesive labels

Ice chests (sample shuttles)

High-pressure steamer/sprayer

Long-handled bristle brushes

Wash/rinse tubs

Phosphate-free lab-grade detergent (e.g., Liquinox)

Location map

Weighted tape measure

Water level probe
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o Distilled water
J Drums for contamnment of cuttings
. Appropriate health and safety equpment
. Field book
. Bonng log forms

o .

DRILLING PROCEDURES

Borcholes will be dnlled by using hollow-stem augers and the samphing equipment required by the
FSP. All drilling equpment, including the rig, water tanks, augers, drill rods, samplers, etc., will
be decontaminated before arrival at the work area site  Between boreholes, all down-hole equip-
ment will decontaminated, and sampling equpment will be decontaminated between samples.
Equpment will be nspected for evidence of fuel ol or hydrauhc system leaks (See SOP FO.3,
General Equipment Decontamination, and SOP FO 4, Heavy Equipment Decontamination). If
lubricants are required for down-hole equipment, only pure vegetable oil will be used

Before dnilling, borings will have been located, numbered, and identified using stakes or spray paint
on paved surfaces Buned metal objects will have been located by using geophysical methods, and
utihity clearance will have been accomplished according to SOP GT 10, Borehole Clearing

After boreholes have been cleared and obstructions removed, an exclusion zone will be established
according to the project Health and Safety Plan, and the drill rig will be set up. The boring will be
advanced to the depth indicated and sampled according to the FSP

(4011 REV)Y(GT2REV 1)(06/05/91)
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For borings where environmental samples will be obtained in the bedrock, the borehole will be
dnilled mto the top of the weathered bedrock prior to installation of a casing according to SOP
GT 3, Isolating Bedrock From Alluvium With Grouted Surface Casing The bottom of the surface
casing will be embedded below the weathered bedrock surface 1n sod borings according to SOP
GT3 The embedment may vary for monitoring wells according to the FSP or SOPAs After
mstalhing the casing, the bedrock will be dnlled and sampled by using hollow-stem augers small
enough to fit through the casing 1n boreholes designated for environmental samphing In boreholes
that are drilled only for geologic logging, hydraulic or geotechnical testing, or monitoring wells, the
portion of the borehole below the casing may be drilled using conventional rotary or rock coring
techmques (SOP GT 4, Rotary Dnilling and Rock Coring) This will normally allow for the use of

a smaller diameter surface casing,

It 1s anticapated that most or all of the weathered bedrock can be dnlled and sampled by using the
continuous hollow-stem auger coring method However, if bedrock that is sufficiently cemented to
render this method neffective is encountered in borings designated for environmental sampling, the
cemented zone will be rock cored using filtered air as the dnlling medium according to SOP GT 4,
Rotary Dnlling and Rock Coring. After the cemented zone is penetrated, the boring will continue
with hollow-stem auger conng. If necessary, this may require reaming the cored section with air-
rotary techniques

The borings will be logged hthologically by exammation and classification of the samples
Documentation will be completed by the site geologist according to Section 8 0 of thus SOP  SOP
GT 1, Logging Alluvial and Bedrock Material, describes procedures for matenial classification and
borehole logging

At the first indication of free water on the sampler or 1n samples, the ime and estimated depth will
be recorded However, 1t 1s frequently difficult to determne the true water level in hollow-stem

auger borngs at the time of dnlling, particularly when dnlling in low-permeabihity soil or bedrock

(4011 REV)(GT2REV 1)(06/05/91)
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53

53.1

Therefore, water levels will also be measured after dnlling In low-permeability deposits, 1t 1s
posstble for a borchole to be drilled below the groundwater level and not collect water for several
hours or even days It is therefore important to note moisture changes i the samples when
evaluating groundwater conditions at the time of dnlling. During the dnlling and while the augers
are bemng removed, the cuttings and unsaved portions of samples from the boring will be
contamnenzed according to SOP FO 8, Handling of Drilling Fluids and Cuttings, and SOP FO 9,
Handling of Residual Samples

SAMPLING PROCEDURES

Continuous Core Auger Samphng

The continuous coring method advances a split barrel that 1s contained within the lead auger The
augers rotate around the sampler and cut while the sample barrel 1s prevented from rotating
Continuous core samples are collected in the barrel. The barrel will be unlined except for a 3-inch
long stainless steel VOA sample hner placed at the bottom end of the barrel directly behind the
cutting shoe Once the core barrel has been removed from the borehole, opened, scanned, and
measured, the VOA sample hiner will immediately be capped with Teflon®-hned plastic caps, sealed
with electrical tape, labeled, and placed mn a cooler with ice In order to obtain a composite sample
for additional analyses, mncluding semi-VOAs, the sampler will be closed and placed n a safe
location, out of the direct sun, until three consecutive 2-foot samples have been obtained Once the
three consecutive samples have been obtaned, the core barrels will be opened and each sample wall
then be classified, logged, peeled, composited, and placed in appropniate containers for analytical
testing according to SOP FO 13, Containenizing, Preserving, Handling, and Shipping of Soil and
Water Samples. Sample intervals and requirements for compositing are defined 1n the FSP or
SOPA

(4011 REV)(GT2REV 1)(06/05/91)
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Sample pecling will involve discarding the portion of sample that was m direct contact with the
sampler Once the samples have been peeled, a linear scraping of the peeled samples will be placed
1n a stainless steel bowl and mixed wath a stainless steel mstrument  Soil particles (gravels) larger
than the jar mouth will be discarded Peeling and compositing will be conducted with separate

decontaminated stainless steel mstruments

Samples for geotechnical testing wall consist of approximately 3/4-filled pint-sized glass jars with air-
tight hds placed in compartmented shipping cartons designed to prevent breakage of the jars.
Sample peeling 1s not required for geotechmical samples

Drive Sampling

Drive samples will be obtained 1n general accordance with ASTM Designation D 1586 After
drilling to the predetermined depth, the standard split spoon or Califorma sampler will be attached
to the end of the dnll rod and lowered to the bottom of the boring. The standard 140-pound
hammer assembly will then be attached to the top of the dnll rod. The depth to the bottom of the
sampler will be recorded, and reference marks at 6-inch increments will be placed on the dnill rod
The test consists of dnving the sampler with the standard 140-pound hammer dropped 30 mches

When using the 2-inch-outside-diameter (O.D ) standard spht spoon sampler, drive the sampler
through three 6-1nch increments (or 100 blows, whichever occurs first), with the sum of the last two
increments being the Standard Penetration Count or Blow Count or N-value, and the first 6-inch

increment being considered as seating

A Califorma barrel with brass (or stainless steel) hners may be substituted for the standard split
barrel The ntegnty of the sample can generally be better maintained since thin-walled liners
containing the sample can be removed from the barrel and sealed Since the Califorma sampler

1s shorter than the standard sphit spoon sampler, it will be driven only 12 inches, with blow counts

(4011 REV)(GTZREV 1)(06/05/91)
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recorded for each 6-inch increment However, several blows are required before marking and

counting blows to seat the sampler

A Califorma barrel has a 2.5-mch OD and a 2-inch inside diameter (I D) Modified Cahforma
samplers with larger diameters are also available The hiners for a conventional Californa barrel
have a 194-inch I D Although not precisely equivalent, the blow count obtained by using a 2-inch
LD Califorma barrel 1s frequently considered to be comparable to the N-value obtained using a
standard barrel Blow counts using larger samplers will not be equivalent, and larger hammers may

be required to drive them under some conditions

A rope and cathead arrangement 1s generally used to obtamn drive samples Automatic trip
hammers are sometimes used If a rope and cathead arrangement 1s used, excessive turns of the
rope on the cathead must be avoided, since they will result i friction and drag between the rope
and cathead Two turns of the rope on the cathead will be used and sufficient slack n the rope
provided during hammer freefall to prevent excessive friction.

Standard split spoon samples saved for geotechmcal testing wall consist of 3/4-filled pint-sized glass
jars with airtight hds placed in compartmented shipping cartons designed to prevent breakage of
the jars Samples for VOA analytical testing will be obtained by placing a 3-inch long stainless steel
VOA sample hner at the bottom end of the barrel directly behund the cutting shoe Composite
samples for additional analyses, including sem-VOAs, will consist of hnear scrapes from three
consecutive peeled samples (see Subsection 5.3 1) placed in containers described in SOP FO 13,
Contammenzing, Preserving, Handling, and Shipping of Soil and Water Samples For Califorma liner

samples, the geotechnical samples may be saved in the liners with plastic end caps

(4011 REV)(GT2REV 1)(06/05/91)
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533 VOC Sampling

. VOC samples will be collected from the base of every other 2-foot drive sample from the

ground surface to the water table

. A VOC sample will be collected in the bottom of the first drive sample below the water
table
. A final VOC sample will be collected from the base of the first drive within bedrock
. mmmediately below the alluvial matenal
. Additional VOC samples will be collected as follows

- If a hthologic feature or HNu reading mdicates the possibility that anomalous
VOC contamination exists, then a sample will be taken at the base of the next
dnive interval

- If the sampler 1s opened, scanned and a color change, free product, or other
physical evidence indicating the possibility for contamination 1s observed m a
location other than where a pretargeted VOC sample 1s located, a 3" section will
be immedaately cut, pulled, wrapped, placed in a wide mouth jar and sealed The
sample will be sent to the lab for subcoring and analysis.

54 BORING COMPLETION AND ABANDONMENT

After the borehole has been advanced to 1its final depth, 1t will either be abandoned or completed
. as a monitoring well (see SOP GT.5, Plugging and Abandonment of Boreholes, and SOP GT 6,

Monitoring Well and Piezometer Installation)

(4011 REV)(GT2REV 1)(06/05/91)
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6.0

The boring location stake will be left in the ground adjacent to the borehole, and a board or other
cover placed over the hole until it has been grouted All boreholes to be abandoned with a depth
greater than 1 foot will be grouted the same day that abandonment 1s completed The boring
location stake will then be placed in the grout

QUALITY ASSURANCE/QUALITY CONTROL SAMPLES

Quality Assurance (QA) and Quality Control (QC) activities will be accomphished according to
apphcable project plans as well as quality requirements presented in this SOP

QA samples for soils fall into five categories

. Duplicate

. Matrix spike

. Matrix spike duplicate
. Equipment rnsatc

. Field blank

SOP FO 13, Contamnenzing, Preserving, Handhing, and Shipping of Soil and Water Samples
describes the general handling of samples Apphicable project plans speafy QA sample frequencies

Sample collection procedures will be the same as those described 1n Section 5 0 for duplicate, matrix
spike, and duphcate matrix spike samples These samples are intended to be as close to exact
replicates of the onginal samples as possible They are obtammed immediately adjacent to the

planned samples that they are intended to duphcate

A rinsate sample from sampling equipment 1s intended to check for potential contamnation of the

sample by the sampling equipment For the soil sampling operation, a rinsate sample will be

(4011 REV)(GT2REYV 1)(06/05/91)
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collected from sampling equipment with any hiners 1n place before the sampling equipment 1s used

Approximately 3 hiters of distilled water will be rinsed over a decontaminated sampler and collected

i a large decontaminated stainless steel bowl A decontaminated glass beaker will be used to dip
the water from the bowl and fill the sample bottles The nnsate samples will be analyzed for the

same parameters as the soil samples

Field blank samples are containers filled with clean water that are handled and moved the same as

the other samples to check for potential cross-contamination resulting from field handiing and

movement procedures

70 DECONTAMINATION

Generalized equipment decontammation procedures will include:

(4011 REV)(GTZREV 1)(06/06/91)

Sampling equipment. Decontammnation will be conducted between mdividual
sampling points to minimize potential cross-contamination. Samphng equpment
will be decontaminated according to SOP FO.3, General Equpment
Decontamination Durnng drilling and samphng, decontaminated equipment wall
be placed on new plastic or racks until it 1s used At least two sets of samplers
will be available so that one set can be used while the other is being

decontaminated

Dnlling equpment Decontammation of augers, drill stems, drll bits, and other
down-hole equipment will be conducted after each boring 1s complete Drll rigs
will be decontaminated when moved out of a work area or when they become
unusually dirty as a result of site or dnlling conditions, at the discretion of the site
or project manager Decontamination of dnilling equipment 1s described m more

detail 1n SOP FO 4, Heavy Equipment Decontamination
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8.0 DOCUMENTATION

All information required by this SOP will be documented on the Borehole Log Form (in SOP GT 1,
Logging Alluvial and Bedrock Matenals) and the Hollow-Stem Auger Dnlling Field Activities
Report Form, Form GT 2A The Field Activities Report Form will be filled out for each day of
dnlling at a given borehole location and, 1n situations where more than one boring 1s dnlled and
completed per day per drill rig, at least one form will be completed per boring. The borehole log
will include mformation on subsurface matenal classification and hthology The Field Actiities
Report will include the following information and have space for comments and documentation of

general observations

. Project, crew, drilling contractor and borehole 1dentifications
. Date

. Weather

. Equipment descriptions (rig, buts, etc)

. Water level

. Depth to bedrock
. Borehole depth and diameter

. Decontamiation

. Waste types, volumes and drums used

. End-of-day status (1 e, partially complete, abandonment, etc.)
. Chronological record of activities

(4011 REV)(GTZREV 1)(06/05/91)
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20 PURPOSE AND SCOPE
Ths standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats
Plant (RFP) for rotary dnilling and rock coring, using air and water as dnilling media It addresses
equipment, field procedures, decontamination, and documentation, that will be used for rotary
dnlhing and rock coring, and describes documentation of these procedures in order to attan
acceptable standards of accuracy, precision, comparability, representativeness, and completeness

3.0 PERSONNEL QUALIFICATIONS
Personnel oversecing the plugging and abandonment at boreholes will be geologsts, geotechnical
engineers, or field technicians with an appropnate amount of apphcable field experience or on-the-
job trammng under supervision of another qualfied person.

4.0 REFERENCES

41 SOURCE REFERENCES

The following 1s a hst of references reviewed prior to the writing of this procedure

mpendum of r Fiel rations Meth EPA/540/P-87/001 December 1987.

Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA Internim
Final October 1988

RCRA Faality Investigation Guidance Interim Final May 1989

(4011 REV)(GT4REV.1)(06/05/91)
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RCRA Ground-Water Momtoring Techmcal Enforcement Gumidance Document. EPA, OSWER-

9950 1 Washington D C September, 1986

42 INTERNAL REFERENCES

Related SOPs cross-referenced 1n this SOP are as follows

. SOP GT 2, Dnlhing and Sampling Using Hollow-Stem Auger Techniques

. SOP FO 4, Heavy Equipment Decontamination

. SOP GT 10, Borehole Clearing

. SOP FO.3, General Equupment Decontammation

. SOP FO.8, Handling of Drilling Fluds and Cuttings

. SOP GT 1, Logging Alluvial and Bedrock Material

. SOP GT 6, Monitoring Well and Piezometer Installation

. SOP GT.J3, Isolating Bedrock from the Alluvium with Grouted Surface Casing
. SOP GT.5, Plugging and Abandonment of Boreholes

50 EQUIPMENT AND PROCEDURES

51 GENERAL

Rotary dnlling and coring methods that use air or water as the drlling media are common
techmques employed to obtamn stratigraphic, hthologic, hydrogeologic, geotechmcal, and
environmental data, as well as a means for momtoring well mstallaton In general, hollow-stem
continuous-fight augers will be the preferred techmque for driling boreholes to collect
environmental samples of soil and rock (see SOP GT.2, Dnlhing and Samphng Using Hollow-Stem
Auger Techmques) The use of air or water can alter analytical chemistry or physical property test

results by altering sample moisture, or by volatihzing contaminants (in case of air) or by washing

(4011 REV)(GT4REV 1)(06/05/91)
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521

them away (in the case of water) Using water when dnlling can also alter the groundwater
chemstry in the vianity of the borehole, and needs to be accounted for during development of
wells  Rotary dnilhing and rock coring may be used for advancing boreholes with or without

environmental sampling in zones of hard matenal which cannot be penetrated with augers

Samples obtamed for analytical chemstry testing will be prepared and contamed in general
accordance with SOP GT 2, Drilling and Sampling Using Hollow-Stem Auger Techmques In
general, air will be the dnlhing medmum used when 1t 1s necessary to penetrate cemented zones of
rock 1n auger borings drilled for environmental samphng. Water will typically be used as the drilling
medium when dnlling relatively deep bedrock wells and when obtaiming rock core excluswvely for
geologic logging. Alternatively, dual-tube air percussion or ODEX drilling methods using water or
air may be appropnate for some conditions. The appropnate work plan or a standard operating
procedure addendum (SOPA) will outhne dnlhing requirements for each project.

EQUIPMENT AND MATERIALS

General Rotary Drilling Equipment

The following 1s a list of equipment and matenals for rotary drilling

. Drill rig with appropriately sized drill bats and rods
. Portable recirculation tanks for water rotary

. Preapproved water for water rotary

. Conveyance equipment (pumps and hoses)

. Arr compressor with appropnate air filter(s)

. High pressure steamer/sprayer

. Wash/rinse tubs

. Weighted tape measure

(4011 REV)(GT4REV 1)(06/05/91)
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Phosphate-free, lab grade detergent (e g, Liquinox)

Water level probe

Appropriate health and safety equipment

Drums for contammment of cuttings and flurds (SOP FO 8, Handling of Dnlling
Fluids and Cuttings)

Boring log form

Field activities report form

Pint-sized plastic bottles with screw caps for cuttings (SOP GT 1, Logging Alluvial
and Bedrock Materal)

522  Supplemental Equipment for Rock Coring

Additional equpment for rock coring will consist of the followng:

53 PROCEDURES

Core barrel assembly

Wire hine or core rods

Coring log forms

Core boxes with wooden blocks

Measuring tape

Camera (photography 1s secunity controlled at Rocky Flats Plant)
Core barrel rack

Plastic wrap for core

Marking pen, black, permanent

Boreholes will be drilled using a rig equipped with rotary drilling equipment capable of advancing
the borehole to the depth specified m the Field Samphng Plan (FSP) All dnlling equipment,

(4011 REV)(GT4REV 1)(06/05/91)
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531

mcluding the ng, water transportation tanks, bats, and drill rods, wall be decontaminated according
to SOP FO4, Heavy Equipment Decontamination and SOP FO3, General Equipment
Decontamination These decontamination procedures will also be followed between boreholes for
downhole equipment and between work areas of different contaminant characterization for the
dnlling rig  Drilling equpment will be inspected to ensure that hydraulic system and fuel leaks do
not introduce organic contamination on site or mto the borehole Any leaks that may mntroduce
such contamination will be repaired before drilling. Only pure vegetable o1l products may be used
to lubricate downhole drilhng and sampling equipment

Borehole locahons will be cleared before dnlling, according to SOP GT 10, Borehole Cleaning.
Dnill cuttings and flnds will be handled according to SOP FO.8, Handling of Dnilling Flwids and
Cuttings Boreholes will be abandoned according to SOP GT.5, Plugging and Abandonment of
Boreholes All procedures will be conducted according to the apphcable Health and Safety Plan
Project-specific requirements will be addressed 1n a SOPA

Rotary Drilling Techniques

Conventional rotary dnlling involves the introduction of a drilling medium (fluid) nto the borehole
through the drill rods and circulation of the medium back up the hole to remove dnill cuttings The
hole is advanced by the cutting action of a rotating drill bit at the bottom of the hole Reverse
arculation methods are similar to conventional rotary methods, except that the drilling medium is
mjected down the annulus between an inner and outer double casing and returns back up the mside
of the inner casing. Some reverse circulation methods use rotary techniques, some use non-rotating
percussion techniques, and some use a combination of the two Samples of cuttings obtained when
rotary dnlling to be saved for geotechmical testing or future geologic reference will be placed mn

pmnt-sized plastic jars with screw-on tops and saved in core boxes

(4011 REV){GT4REV 1)(06/05/91)
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53.12

Water used for rotary dniling will consist of RFP potable water Water transportation tanks and
conveyance equpment will be contaminant-free and dedicated for the use with preapproved water
to ensure that the preapproved water introduced into the borehole 1s also contaminant-free
Portable decontaminated water recirculation tanks will be used for rotary operations Excavated
sumps or pits (lned or unhined) will not be used Decontamimation of tanks and conveyance
equpment will also be conducted i accordance with SOP FO.3, General Equpment
Decontammation and/or SOP FO 4, Heavy Equpment Decontamination

Air

Conventional air compressors used for air rotary methods contain o1l for lubricating moving parts
and compress air and oil m their operaion To avoid introducing contaminants nto the borehole,
a filtration system designed to provide oil-free air and approved by EG&G will be used Depending
on the requirements of the particular project, such a system may consist of an air-cooled aftercooler,
a regenerative dryer, a coalescing filter, and a particulate afterfilter, all arranged in series The
particular filtration system design will depend on the compressor equipment, the project
requrements, and antiapated ambient condiions The filtrahon system will be matched
approprately to the compressor’s capacity so that the reduction i the flow of air to the dniling
equipment 1s tolerable The filtration system components will be changed or monitored according
to the requrements of the design during operation and a record of this kept on the field activities

report form (see Section 7, Documentation)

Dust control measures may also be required according to the Field Operations Plan (FOP) and
Health and Safety Plan (HSP) The airborne dispersion of cuttings can be controlled to some

extent by airculating the return air through a vortex or cyclone

(4011 REV)(GT4REV 1)(06/05/91)
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532

6.0

Rock Coring

Continuous core samples collected using rock coring methods can be used to obtamn relatively
undisturbed samples of rock for stratigraphic, hithologic, hydrogeologic, and environmental data
Conventional rock coring methods use a diamond coring bit instead of a conventional tricone or

granular rotary but

Continuous core samples will be extracted from the core barrel, placed on core racks, and logged
by a geologist according to SOP GT 1, Logging Alluwvial and Bedrock Material Rock core to be
saved for geotechmical testing or further geologic observations will be placed n plastic core wrap
and then placed in core boxes with appropriately sized dwiders to protect and preserve the
onientation of the core during movement and storage Coring cqupment will also be
decontaminated according to SOP FO.3, General Equipment Decontamination

Arr or water dnlhing media used for coring must be contammant-free Therefore, the provisions
required mn Subsections 5311 and 5.3 1.2 for dnlling flmds also apply to rock coring procedures.

DECONTAMINATION

Generalized equipment decontamination procedures will include

. Sampling equipment Decontamination will be conducted between mndividual
sampling ponts to mmmmize potential cross-contamination Sampling equipment
will be decontammnated according to SOP FO.3, General Equpment
Decontammation During drilling and samphng, decontammated equipment wall
be placed on new plastic sheeting or racks until 1t 1s used At least two sets of
samplers will be available so that one set can be used while the other is being

decontaminated

(4011-REVY(GT4REV 1)(06/06/91)
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) Dnilling equpment Decontamination (augers, dnil stems, dnll bits, and other

downhole equipment) will be conducted after each boring 1s complete The dnll
rig will be decontaminated when moved to a new work area that has a different
contaminant characterization Decontamination of drilling equipment 1s described

m SOP FO 4, Heavy Equipment Decontamination
70 DOCUMENTATION

All information required by this SOP will be documented on the Borehole Log Form (in SOP GT 1
Logging Alluvial and Bedrock Matenals) and the Rotary/Core Driling Field Activities Report
' Form, Form GT 4 The Field Actinities Report Form will be filled out for each day of dnilling at
a given borehole location and, in situations where more than one boring is drilled and completed
per day per dnll ng, at least one form will be completed per boring. The borehole log will mclude
mformation on subsurface matenal classification and hthology Information on core length, core
loss, percent of recovery; core breakage due to discontinuities, total core breakage; and rock
classification and lithology will be recorded on the log form The Field Activities Report will

mclude the following information and have space for comments and documentation of general

observations.
. Project, and borehole identifications
. Weather
. Equpment conditions descriptions (ng, bits, etc)
. Personnel
. Drilhing flnd used
. Dnilling flud return/loss and pressures
. Sampling information
. Waste disposal information
. . Water level

(4011 REV)(GT4REV 1)(06/07/91)
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2.0

3.0

4.1

PURPOSE AND SCOPE

This standard operating procedure (SOP) describes procedures that will be used at the
Rocky Flats Plant (RFP) for instalhing monitoring wells and open-pipe piezometers This
SOP describes the equmpment for drilling, field procedures, well materal specifications,
and decontamination procedures that will be used to install and document monitoring wells
i order to attain acceptable standards of accuracy, precision, comparability,

representativeness, and completeness

PERSONNEL QUALIFICATIONS

Pcrsonnel overscemng the installation of momtoring wells and piezometers will be
geologists, geotechnical engineers, or field techmicians with an appropriate amount of
apphcable field experience or on-the-job traiming under the supervision of another
quahfied person

REFERENCES

SOURCE REFERENCES

The following 1s a hist of references reviewed prior to the writing of this procedure

A Compendium of Superfund Field Qperations Methods EPA/540/P-87/001 December
1987.

1idance for Con 1ing Remedial Investigations and Feasibili 1 nder CERCLA
Interim Final. EPA/540/G-89/004 October 1988

(4011 REV)(GT6REV 1)(06/06/91)
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RCRA Facility Investigation Guidance Intersm Final May 1989

RCRA _Groundwater Monitoring Technical Enforcement Guidance Document EPA,
OSWER-9950 1, Washington D C, September, 1986

4.2 INTERNAL REFERENCES

Related SOPs cross-referenced 1n this SOP are as follows

. SOP FO 15, Use of PIDs and FIDs

. SOP FO 16, Field Radiological Measurements

. SOP FO 3, General Equpment Decontamination

. SOP FO 4, Heavy Equipment Decontamination

. SOP GT 1, Logging Alluvial and Bedrock Materal

. SOP GT 2, Dnlling and Sampling Using Hollow-stem Auger Techmques

. SOP GT 3, Isolating Bedrock from the Alluvium with Grouted Surface
Casing

. SOP GT 4, Rotary Dnilling and Rock Coring

] SOP FO 8, Handling of Dnlling Fluids and Cuttings

5.0 EQUIPMENT AND PROCEDURES FOR MONITORING WELL AND PIEZOMETER
INSTALLATION

Groundwater monitoring wells and open-pipe piezometers (observation wells) will be
constructed 1n boreholes drilled and logged according to SOP GT 2, Dnlling and Samphing
Using Hollow-Stem Auger Techniques, or SOP GT 4, Rotary Drilling and Rock Coring,
and SOP GT 1, Logging Alluvial and Bedrock Material The construction of monitoring
. wells 1s the same as that used for piezometers The distinction between wells and

(4011 REV)(GTSREV 1)(06/06/91)
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piezometers 1s based on the itended use Wells are used for obtaining samples of
groundwater while piezometers are intended only for water level measurements If
different types of piezometers are required (e g, isolated electromic or pneumatic
piezometers), they will be addressed 1in another SOP or 1n a standard operating procedure
addendum (SOPA) All drilling and sampling equipment and materials will be protected

from the ground surface with clear plastic sheeting or will be placed on clean drll racks

Personnel installing monitoring wells need to be cognizant of the many factors influencing
the screened intervals selected for wells For example, water table wells should have
screens of sufficient length at the appropnate depth to monitor the water table Wells
with slow recharge should have sufficient screen area to allow adequate sample volume
However, long screened intervals should generally be avoided since they are of limited

value for characterizing discrete zones of contamination.

Selection of well screen 1ntervals may also depend on the suspected presence of hight or
dense immiscible layers of contaminants floating on the water table or residing at the
bottom of a hydrostratigraphic unit (HSU) Screened intervals across different HSUs
should generally be avoided particularly where there 1s a potential for cross-contamination

between HSUs to occur

These factors must be addressed during project planning and the Field Sampling Plan
(FSP) will normally provide rationale for the planned sampling Personnel installing
monitoring wells should be famihar with the FSP and the rationale used i determining

well screen intervals

(4011 REV)(GTSREV 1)(06/06/91)
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5.1 EQUIPMENT AND MATERIALS

The following 1s a list of equipment and well matenials for well installation

. Drill rig with appropriately sized drill bit augers, and/or rods
. High pressure steamer/sprayer

J Sand batler

. Long-handled bristle brushes

. Wash/rinse tubs

. Phosphate-free, lab grade detergent (e g, Liquinox)
. Weighted tape measure

. Water level probe

. Distilled water

. Drums for containment of cuttings

. Appropniate health and safety equipment

. Field book

. Location map

. Boring log form

. Groundwater observation well report

52 DRILLING PROCEDURES

Boreholes for wells will be drilled by using a drill rig and drilling method capable of
completing the well to the depth specified in the FSP All driling equipment, including
the drill nng, water tanks, and all down-hole equipment will be decontaminated according
to SOP FO 3, General Equipment Decontamination and SOP FO 4, Heavy Equipment

£ Decontamination The same decontamination procedure will also be followed between

. boreholes

(4011 REV)(GTSREV 1)(06/06/91)
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Before dnilhng, test borings/wells will have been numbered, located, and 1dentified by
using stakes, or nails with flagging, on paved surfaces Drilling locations will be cleared
for buried metal objects and utihity interference according to SOP GT 10, Borehole
Clearing Boreholes will be advanced from the ground surface to a predetermined target
depth given in the FSP Borcholes drilled for wells will be logged stratigraphically by
examination of the sample cuttings or core samples according to SOP GT 1, Logging
Alluwvial and Bedrock Matenal

If hollow-stem augers are used for alluvial wells, the boreholes will be augured as little as
possible mto claystone bedrock (approximately 6 inches or less), since the claystone
bedrock cuttings may tend to be smeared along the side of the borehole 1n the alluvium
Therefore, after the augers have been advanced to the bedrock contact, an appropnately
sized drive sampler will be driven 2 feet 1nto the claystone bedrock to provide a pilot hole
for a 2-foot deep sediment sump The sediment sump will be a 2-foot-long prece of blank
casing installed immediately beneath the screen n all wells The pilot hole will have a

diameter no more than 1-inch greater than the outside diameter (OD) of the casing.

During the dnlling process, the center bit will be removed slowly to prevent sand from
entering (blowing into) the bottom auger In the event of sand blow-1n, RFP potable water
may be added to the inside of the augers to equalize the hydrostatic pressure of the
formation water A record of the amount of water placed 1n the well will be kept so that

it can be taken nto account during well development

The nside diameter (I D) of the augers will be approximately 4 inches or more larger
than the outside diameter (O D ) of the casing, resulting 1n a 2-inch annulus around the
casing Similarly, a 2-inch annulus will be provided around well screens and casings when
wells are constructed in open portions of boreholes In open-hole installation (wells

constructed in uncased boreholes), the use of stainless steel casing centralizers will be

(4011 REV){GT6REV 1)(06/06/91)
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53

53.1

53.1.1

required to ensure the 2-inch annulus 1s maintamned Centralizers should be provided
above and below the well screen, but not within the bentonite seal Depending on the well
depth and diameter, centralizers may also be required at intervals along the riser to
provide a 2-inch grout annulus When hollow-stem augers are used, centralizers will only
be required if the auger flights are not a sufficient size to ensure a 2-inch minimum

annulus dimension on all sides of the screen

During the dniling operation, the cuttings and formation water from the boring will be
placed 1n waste drums if required (see SOP FO 8, Handling of Drilling Fluids and
Cuttings)

Single-cased wells will be used in the alluvial/unconfined aquifer Double casing will be
required for bedrock wells installed in areas of potentially contaminated alluwial
groundwater Surface casing will be installed through the alluvium according to SOP GT 3,

Isolating Bedrock from the Alluvium with Grouted Surface Casing.

Boreholes for alluvial and bedrock wells will be drilled according to SOP GT.2, Drilling
and Samphing Using Hollow-Stem Auger Techniques or SOP GT 4, Rotary Drilhng and
Rock Coring

WELL MATERIALS AND INSTALLATION PROCEDURES

Materials

Well casings will consist of new, threaded, flush-joint schedule 40 poly-vinyl chloride

(PVC) unless another type of casing (e g, stainless steel) 1s required by the FSP or a

{4011 REV){GT6REV 1){06/06/91)
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53.1.2

5§3.13

SOPA The well casing will extend from the top of the well screen to approximately 2 feet
above ground surface The tops of all well casings will be fitted with shp-on or threaded
PVC caps which can be castly removed by hand All joints within the casing string will be
threaded Heat-welded joints, solvents, and/or gaskets will not be used Polytetra
fluoroethylene (PTFE) tape will be wrapped around the joint threads to improve the seal
All well casings will be free of foreign material and will be steam cleaned with approved
water before use Steam-cleaned casings will be stored n plastic sleeves prior to use

Casing with stamped or stenciled nomenclature will not be used

Well Screens

Well screens will consist of new threaded PVC pipe (unless another material [e.g,
stainless steel] 1s required by the FSP or a SOPA) with 0 010-inch factory-machined slots
or wrapped screen All well screens will have an I D equal to or greater than that of the
well casing The wall thickness of PVC screen will be the same as that of the well casing
A 2-foot deep sediment sump will be used beneath the screen A threaded cap or a shp-on
cap secured with stainless steel screws will be provided at the bottom of the sump. Well

screen with stamped or stenciled nomenclature will not be used

Filter Pack

The filter pack material will be chemically inert, rounded, silica sand of appropriate size
for the well screen and host environment Grain size analyses of the unconsohdated
formations underlying the site have indicated a 16-40 gradation 1s appropriate and will be
used on the site unless the FSP or SOPA indicates otherwise The filter pack will extend
approximately 2 feet above the top of the screen unless otherwise specified The final

depth to the top of the filter pack will be measured directly by using a weighted tape

(4011 REV)(GT6REV 1){06/06/91)
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53.14

53.15

measure and not by using volumetric calculation methods The volume placed will be

recorded

A bentonite seal will be installed above the filter pack The seal will consist of a layer of
commercially available bentonite pellets that 1s at least 3 feet thick when measured

immediately after placement, without allowance for swelling

The annular space between the well casing and the borehole will be grouted from the top
of the bentonite seal to ground surface. The grout will consist of high-solids reduced pH
bentonite grout (American Colloid Pure Gold or approved equivalent) mixed in a powered
mechanical grout mixer according to the grout manufacturer’s recommendations. The
grout will contan at least 30 percent solids by weight and have a minimum density of 9.9

pounds per gallon after mixing The density will be checked with a mud balance.

Grout will be placed outside of the momtoring well casing using a side-discharge tremie
pipe located just above the top of the bentonite seal The grout will be pumped through
the pipe until undiluted grout flows from the annular space at the ground surface The
tremie pipe will then be removed and more grout added to compensate for setthing After
24 hours, the site will be checked for grout settlement and more grout added to fill any

depressions The total volume placed will be recorded

(4011 REV)(GT6REV 1)(06/06/91)
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53.2

Installation Procedures

53.2.1 Alluvial Piezometer and Monitoring Well Installation

Figure GT 6-1 shows a schematic diagram of the lower portion of an alluvial well
completion Monitoring well installation will begin after formation water and fine grained
sediment have been bailed using a sand bailer unt1l the water 1s relatively clear and free
of sediments If granular soils do not blow into the bottom auger, raising the augers 1 to
2 feet above the bottom of the hole can help with the removal of muddy water from

outside of the augers This will not work if the hole bottom caves or blows 1n

The borehole depth will then be measured to the nearest 0 1 foot, and the well assembly
will be measured to the nearest 0.01 foot The portion of the well casing cut off at the top
will be measured and subtracted from the total length supphied to determine the total well

assembly length

Once the well assembly 1s 1n place, the filter pack will be added slowly to the zone below
the water level in the borchole by tremie pipe If filter pack material 1s placed in wells
above the water level 1n the borehole, a tremie pipe will not be required nside of hollow-
stem augers A tremie pipe will be required for all filter placement 1n open hole
completions The filter pack will be added in 1- to 2-foot increments Similarly, the
augers will be raised in 1- to 2-foot increments so that the sand level 1s always at or
shghtly above the bottom of the augers Depth measurements of the top of the filter
matenal will be taken continuously in the well annulus as the filter 1s placed The final
depth to the top of the filter pack will be approximately 2 feet above the top of the well
screen and will be directly measured by a weighted tape measure The weight on the
measure tape will be stainless steel 1n the event that 1t accidentally becomes embedded 1n

the filter pack If bridging of the filter material occurs 1n the well annulus or tremie pipe

(4011 REV)(GT6REV 1)(06/06/91)
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during placement, the bridged material will be broken loose mechanically by shaking
augers and/or well assembly Bridged matenal in the annulus may also be broken loose
by probing with a 1-inch-diameter tremie pipe If both of these methods are unsuccessful,
distilled water may be pumped through the 1-inch tremie pipe to dislodge the bridged
material. A record of the amount of water placed 1n the well will be kept so that it can
be taken into account during well development The volume of filter material placed will

also be recorded

A mmmum 3-foot bentonite pellet seal (before swelling) will be installed immediately
above the filter pack If the bentomte pellet seal wall be placed below the water table, 1t
will be installed through a tremie pipe The bentonite pellets will be added slowly to
reduce the chances for bridging of the pellets inside the tremie The augers will be raised
approximately 1 foot above the filter pack prior to adding the bentonite pellets The top
of the bentonite seal should never be above the base of the augers If the bentonite seal
1s placed above the water level in the borehole, the pellets may be allowed to free-fall into
the borehole if hollow-stem augers are being used The bentonite will be hydrated using
5 gallons of distilled water after the base of the augers are raised approximately 1 foot
above the top of the bentonite seal The completed bentonite seal will be allowed to

hydrate for approximately 30 minutes before proceeding with the grouting operation

Bentonite grout backfill will be placed from the top of the bentonite seal to the ground
surface The grout mixture will conform to the specifications outhined in Subsection
5315, Bentomte Grout The grout will be tremied mto the well annulus using a side-
discharge tremie until 1t 1s completely full The volume of grout placed will be recorded
The well casing will be checked for plumb by use of a weighted tape lowered from the
center of the casing If the tape touches the side of the casing prior to reaching the
bottom, the casing will be shifted as much as possible to a vertical alignment and held n

place while the grout sets up and hardens After settlement of the bentonite grout has

(4011 REV)(GT6REV 1)(06/06/91)
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been allowed for 24 to 48 hours, the protective steel casing will be embedded 1n cement-
bentonite grout or nonshrink concrete The cement-containing grout wall occupy the upper
1 1/2 to 3 feet of the well annulus to anchor the protective casing This may require
removing some of the bentonite grout from the upper 1 1/2 to 3 feet of the well annulus
If the upper grout surface 1s dehydrated, 1t will either be removed or rehydrated by adding

water and waiting approximately 30 minutes

5322 r Piezometer an n 11 Installation

Figure GT 6-2 shows a schematic diagram of the lower portion of a bedrock well
‘ completion Bedrock piczometers and monitoring well iastallations will be similar to the
alluvial well installation procedures except that a surface casing will be provnided through
the alluvium to guard against potential cross-contamination of bedrock aquifers by
contaminated alluvial groundwater The surface casing will extend from the ground
surface to at least 3 feet below the bedrock alluvium contact Ths casing will be installed

according to SOP GT.3, Isolating Bedrock from the Alluvium with Grouted Surface Casing

If rotary drilling methods (see SOP GT 4, Rotary Drilling and Rock Coring) are required,
the installation procedures will be similar except that the well may be completed 1n an
open hole instead of inside of hollow-stem augers The well string will be suspended
approximately 2 inches above the bottom of the borehole prior to installing the filter pack
This will reduce bending of the well assembly and minimize the potential for collapse of
the casing due to the weight of flmd 1n the annulus Stainless steel centralizers will be

placed at 20-foot-maximum spacing for wells completed in open holes

(4011 REV){GT6REV 1)(06/06/91)
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5.3.2.3 Well Features at Ground Surface

Figure GT 6-3 shows a schematic diagram of well features at the ground surface A 5-
foot-long protective steel casing with a hinged and locking steel cap will be 1nstalled over
the monitoring well riser that projects above the ground surface between 24 and 48 hours
after imtial grout placement The protective casing will have a minimum 8-1nch 1D for
4-inch wells and a minimum 6-inch 1 D for 2-inch wells The well designation will be

welded on the protective casing

The bottom of the protective casing will be embedded 2 to 3 feet below the ground surface
i concrete or cement grout Prior to installing the protective casing, the well will be
checked for alignment by lowering a 5-foot-long, 1 1/2-inch diameter bailer down the
entire depth of the well If the bailer hangs up, the EG&G project manager will decide

whether or not the well needs to be reconstructed.

The annulus between the well riser and the steel protective casing will be filled with
nonshrink cement grout or concrete to a mmimum of 12 inches above the ground surface,
and a 1/4-inch-diameter hole will be drilled in the protective casing just above the grout

or concrete surface to allow drainage

At the same time the protective steel casing 1s grouted or concreted 1n place, an external
concrete collar approximately 3 feet square will be placed around the protective casing at
the ground surface The well designation will be scribed in the concrete before 1t sets.

The collar will be graded to slope away from the casing in all directions

When traffic conditions or vegetation warrant extra protection, four 3-inch-diameter steel

posts will be installed The posts will be located radially from the well casing at a distance

(4011 REV)(GT6REV 1)(06/06/91)
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of approximately 4 feet They will be embedded 1n concrete 3 feet below the ground
surface with a mimmum of 3 feet sticking up above the ground Installation 1s required

within 48 hours of well installation In areas of high vegetation, the posts will be flagged

DOCUMENTATION

The installation of monitoring wells and piezometers will be documented on groundwater
monttoring well and piezometer report forms Drilling information will be documented
on Rocky Flats Plant Borehole Log Forms (SOP GT 1, Logging Alluwnial and Bedrock
Material) and on hollow-stem auger or rotary and core drilling field activities report forms
(SOPs GT 2 and GT 4) Besides the drilling and borehole information required by these
other SOPs, the following documentation will be recorded on the Groundwater Monitoring
Well and Piezometer Report Form, Form GT.6A. Location references will use the State

Plane Coordinate System and elevations will be feet above mean sea level (USGS datum)

. Elevation of ground surface

. Elevation of top of surface casing/niser pipe
. Height of top of surface casing/riser pipe above ground surface
. Depth of surface scal below ground surface
. Type of surface seal

. Type and size of surface casing

. Depth of surface casing below ground

. Types/depths of centralizers

. Type and si1ze of riser pipe

] Diameter of borehole

. Depth of borehole

. Type/volume of backfill

. Elev /depth top of seal

(4011 REV){GT6REV 1)(06/06/91)
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. Type of seal
. Elev /depth bottom of seal
. Type/volume of filter pack
. Depth of top of filter pack
. Elev /depth top of screened section
. Type of screened section
. Screen openings
. ID of screened section
. Elev /depth of bottom of screened section
> . Length of blank section below screen
‘ . Elev /depth of bottom of plugged blank section
. Elev /depth of bottom of sand column
. Type of backfill below observation pipe
. Elev / depth of bottom of hole
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PURPOSE AND SCOPE

Ths standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats
Plant (RFP) for clearing drill sites and intrusive work sites within Individual Hazardous Substance
Sites (IHSSs) Geophysical clearing will be implemented to ensure that selected locations are free
of buried metal objects to a depth of 18 feet and metal utiity hmes This SOP describes
geophysical, administrative clearance techmques, and geophysical data reduction and analyses that

will be used for field data collection and documentation

The geophysical techniques that are employed mvolve electromagnetic (EM) techmiques, a magnetic
locator, and ground penetrating radar (GPR) EM and magnetic surveys can be used for identifying
areas where subsurface metal objects might be located The techmques indicate contrasts in
conditions due to variations 1 the electrical conductivity or magnetic properties of subsurface
matenals. GPR 1s useful for detection of shallow vaniations in the subsurface dielectric constant

A magnetic locator can be used when the cleaning depth-of-interest 1s 18 inches or less EM
techniques and a magnetic locator will both be used when the cleaning depth-of-interest 1s deeper
than 18 inches Generally, GPR 1s applicable to depths of 0-6 feet at the RFP site

RESPONSIBILITIES AND QUALIFICATIONS

Oversight and supervision of the geophysical surveys will be conducted by EG&G personnel Project
staff performing these surveys will be traned geophysicists or tramned personnel with a sigmficant
amount of geophysical field experience The subcontractor’s project manager will document

personnel qualifications related to this procedure mn the subcontractor’s project QA files

The subcontractor’s project manager is responsible for obtaining administrative borehole clearance
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4.0

41

42

50

5.1

REFERENCES

SOURCE REFERENCES

The following 1s a list of references reviewed prior to the wniting of this procedure

A Compendium of Superfund Field QOperations Methods EPA/540/P-87/001 December 1987

Gudance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA Interim
Final October 1988

RCRA Facality Investigation Guidance EPA. Interim Final May 1989

INTERNAL REFERENCES

GT 18 - Surface Geophysical Surveys

GEOPHYSICAL EQUIPMENT AND PROCEDURES

INTRODUCTION

Borehole clearing, using geophysical methods, will be employed within an THSS where buned
trenches are known to exist or where buried metal may be present Surface geophysical surveys

have been conducted at the RFP Research of these previous geophysical surveys should be
exhausted prior to conducting the following procedures
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52

Instruments used for geophysical clearing wall be recalibrated and recertified, if requred The date
of the manufacturer’s last calibration and certsfication will be documented on the Borehole Clearing
Analysis Form (Form GT 10A)

Each mstrument will have a field cahbration check prior to and after field use Personnel
performing the field cahbration check should refer to the manufacturer’s instructions An example
of a field cahibration check would be to use the instrument over a known buried object If the
strument does not respond approprately, the instrument should be returned to the manufacturer

for recahbration and recertification

Geophysical methods have hmitations which must be considered when implementing a geophysical
survey In some instances, the hmitations may be sufficient to make the geophysical results
ambiguous or non-conclusive Therefore, 1t 1s imperative that an experienced geophysical operator
conduct the clearing of boreholes

Electromagnetics, magnetics, and GPR are mnfluenced by surface cultural features, such as fences,
power lines, and metallic debris. These cultural effects can be mitigated by the use of a directional
magnetic locator, which responds to a magnetic gradient However, if borehole clearing 1s being
performed within 40 to 50 feet of a cultural feature, rehable geophysical clearing may be difficult
to achieve In cases where a site cannot be definitively cleared, the location should be moved to

the nearest clearable location

ELECTROMAGNETICS

An EM survey can be used to detect ferrous and nonferrous metals as well as areas of high
morganic contammation This method nvolves the induction of electrical current into the ground
A small alternating current passing through a transmtter coil produces a primary magnetic field
Through inductive couphng, the primary magnetic field produces small eddy currents in the

(4011 REV)(GTI0REV 1))(06-07-91)
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subsurface which, 1n turn, create therr own secondary magnetic field The recewver coil senses both
the primary and secondary fields This results 1n an output voltage that 1s linearly related to the
terrain conductivity The instrument then converts the voltage to a ground conductivity value which
can be recorded by a strip recorder or digital logger Electrical conductivity 1s a function of the soil
or rock composition, the porosity and permeabulity of the rock units, and the conductvity of the
flmids filung the pore spaces The conductivity values are subsequently plotted on a map so that

their vartation over the site can be analyzed

A Geonics EM-31, EM-38, or equivalent ground conductvity meter will be used for the EM
surveys. Through the use of the honzontal dipole mode (HDM), the EM-31 has a depth
penetration to 9 feet When deeper penetration 1s required, the vertical dipole mode (VDM) will
be used m addition to the HDM  This scenanio will provide hugh resolution detection of objects to
9 feet and will allow detection of larger metal objects to 18 feet The size of a metal object that
can be detected 1s proportional to the depth of burial. For shallow investigation (less than 9 feet),
the HDM provides the greatest resolution and can normally detect objects as small as a 1-foot
length of rebar. By momtoring the in-phase component of the induced magnetic field, small
amounts of subsurface metal can be detected. For high-resolution of depths less than 5 feet, the
EM-38 can be used. Table GT 10-1 summarizes instrument modes and applications

Table GT 10-1
EM INSTRUMENT MODE APPLICATION

Approximate Size of

Instrument Mode Depth of Penetration (ft) Detected Object
EM-31 HDM 9 1-foot piece of rebar
VDM 18 Steel drum
{ EM-38 HDM 25
VDM 5

(4011 REV)(GTI0REV 1))(06-07-91)
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52.1  List of Necessary Equipment

The following 1s a hist of equipment that will be necessary to complete the EM survey

. A Geonics EM-31, EM-38, or equivalent terrain conductivity meter

. Digatal logger and/or analog strip recorder (when data collection s over large gnd
area)

. Appropriate health and safety equipment

. Wood stakes or lath

. Flagging

. Field notebook

. Pens with nonwater-soluble ink

. Form GT 10A, Borehole Clearing Analysis (see Section 70, Documentation)

522 Field Procedure

A standard field procedure for conducting an EM survey 1s imtiated by a reconnaissance survey of
each dnll site The survey will involve a review of existing magnetic data at the site, a review of the
site utihty plans, an acknowledgement from the telephone and utility site locators that the site is
clear of these utihities, and a field check for overhead wires, pipes, or other objects that may restrict
dnlling operations Note surface conditions of site on Form GT 10A (see Section 70,
Documentation) including excessive and/or large metal objects on the ground surface and large
vanations mn topography Following the instrument manufacturer’s instructions, mmtiate site survey
traverse on an approximate 1-foot gnd, clearing a mmimum of 6 feet around the drilling location
stake When anomalous values indicative of burnied metal are observed, record the anomaly on

Form GT 10A If an anomaly 1s not present, document results on Form GT 10A

(4011 REV)(GTIOREV 1))(06-07-91)
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53

Drilling locations with anomalous values will require moving the location to the nearest “clear” area
By using the above procedures, determne an area within 50 feet of the original drilling location that
is free of anomahies Mark the new drilling location with a wood stake and document new location

on Form GT.10A Notify the project site manager of the new location

For larger areas or for locating buried trenches or pits, follow a surveyed gnd pattern when
traversing with the EM mstrument If the grid 1s not surveyed prior to the EM traverse, place a
wood stake marker at the end of each traverse and document the marker location on the field data
record (Form GT 10A) All EM traverses should be documented on a field map during the survey
For larger areas, a portable computer may be required to quickly analyze the data and facilitate the

location of additional survey lines

MAGNETIC LOCATOR

A magnetic locator detects magnetic fields associated with certain objects The depth of
mvestigation depends on the size of the object The Schonstedt magnetic locator, for example, can
detect well casings up to 15 feet deep, however, a 1 1/4-inch nail can be detected only to a depth
of 8 nches.

A magnetic locator responds to the magnetic gradient between two magnetic field sensors (A and
B) If no anomalies exist, the magnetic field between sensors A and B 1s balanced, and a 40 Hz
frequency signal 1s heard on the magnetic locator’s audio output Ths frequency output (40 Hz)
1s the ambient magnetic field of the earth However, when the magnetic field becomes stronger at
sensor A (located at the bottom of the locator) than at sensor B, the output signal increases n
frequency. When the tip of the locator 1s directly over the ferrous object, the audio signal increases
to 1ts highest frequency

(4011 REV)(GTI0REV 1))(06-07-91)
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53.1  List of Necessary Equipment

The following 1s a hist of equipment that will be necessary to complete the geophysical survey

. Schonstedt Model GA-52B magnetic locator or equivalent

. Appropriate health and safety equipment

. Wood stakes or lath

. Flagging

. Field notebook

. Pens

. Form GT 10A, Borehole Clearing Analysis (see Section 70, Documentation)

532 Field Procedure

The field procedures for a magnetic survey are the same as the procedures described for the EM
survey (Subsection 52.2)

54 GROUND PENETRATING RADAR

Ground penetrating radar (GPR) has been used for mapping shallow geologic interfaces, delineating
shallow bedrock, locating voids in concrete or lhmestone, and finding bunied pipelme or

remnforcement bars

GPR mnvolves a system that transmits electromagnetic pulses into the ground from an antenna near
the surface These pulses are reflected from a variety of subsurface interfaces back to a receiver
As the antenna 15 towed along a survey hine, the GPR signals are processed and displayed on a

graphic recorder The displayed data 1s a two-dimensional continuous profile along the surveyed

(4011 REV)(GTIOREV 1))(06-07-91)
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lime depicting time versus distance The display 1s very similar to a geologic section, except that the

record 1s a time section rather than a depth section

GPR has excellent resolution of subsurface features when favorable conditions exist However,
actual depth penetration 1s highly site-speaific and depends on the near-surface soil conductivity
Highly conductive soils, such as clays, can reduce penetration to less than three feet Less

conductive matenals, such as hmestone, will allow depth penetration of 30 - 50 feet

54.1  List of Necessary Equipment

The following 1s a list of equipment that will be necessary to complete a GPR survey

GSSI SIR System-3 or equivalent radar system

. Flagging

. Lath or wooden stakes

. Field notebook

. Pens with nonwater-soluble mk

. Measuring tape (200 feet mimmum) (note a measuring wheel can be substituted for

relatively smooth surfaces)

. Extra paper for profile recorder

. . Extra stylus(s) for profile recorder

{4011 REV){GTIOREV 1))(06-0751)
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542  FIELD PROCEDURE

A standard field procedure for collecing GPR data 1s described below Prior to GPR data

collection, two prelimmary procedures must be conducted These are

Design appropnate field parameters, given the purpose of the survey (orientation
of hnes or gnid, gnd spacing, frequency or antenna, antenna shielding, etc)

Locate endpomnts along each hne in addition to any other ponts of interest, and
denote these locations in the field wath lath or other wood stakes

Design of appropnate field parameters must consider the following;

(4011 REV)(GTIOREV 1))(06-07-91)

The antenna and associated transmmtter frequency used must optimize the
penetration depth and required resolution given the survey purpose Typical
frequencies are 80 Mhz, 100 Mhz, 120 Mhz, 300 Mhz, 500 Mhz, and 1000 Mhz,
Higher frequency antennas allow greater subsurface resolution, but penetration 1s
reduced over that of lower frequencies Surveys should be designed to have a
mummum of two antenna frequencies available, to optimize results For most

clearing applications, a 300 Mhz or 120 Mhz antenna will be appropriate

For gnd areas, mtraline spacing affects resolution, a spacing of 2 to 20 feet 1s
commonly used for clearing applications Actual spacing chosen must consider

overall project objectives
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Method of antenna towing must be evaluated given the site conditions For
smooth surfaces or terrain, the antenna can be towed directly on the surface For
areas with significant vegetation or surface stones and rocks, the antenna may need
to be suspended 6-18 inches above the ground or carried in a plastic non-
conductive wagon, to prevent antenna damage and potentially dubious GPR data

collection

Antenna shielding should be considered and appropnate shielding provided given
the site conditions  Surface features such as fences, power hines, etc. can cause

interfering reflections on the radar record

A standard field procedure for conducting a GPR survey 1s described below

(4011 REV)(GTIO0REV 1))(06-07-91)

Perform a wvisual survey along the proposed lines The visnal survey will include
a review of site utility plans, check for overhead wires, check for manhole covers,
buried cables, buned gas hne indicators, or cased momtoring wells, and have site
locators confirm the presence of any possible telephone and utibity features Note
features m field notebook

Note excessive amounts of large pieces of metal on the ground surface 1n field
notebook

Note large nearby vanations in topography or buildmg (within 50 feet) mn
notebook

Note moisture content of surveyed media, 1n addition to relative clay content, as

these will effect penetration depths



@

&

BOREHOLE CLEARING

EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No.: GT.10, Rev 1
Page. 13 of 16
Effective Date- June 10, 1991
Category 2 Orgamzation. Environmental Management

(4011 REV)GTIOREV 1))(06-07-91)

Conduct a test ine using manufacturer’s procedures Instrument settings must be
optimized to obtain appropnate data given project goals Speafic recording

parameters that must be optimized mclude, but are not hmited to, the following

. radar scan speed

. signal range gamn

. high and low pass filter settings
. tume range for recording

. transmitter pulse rate

. recording printer speed

. antenna towing speed

Instrument settings should be varied during the test hine to determine the optimum
recording parameters When possible, the test hne should be conducted over a
known buried feature in the survey area to help instrument setting optimization,

and help cahbrate penetration depths

Imtiate site survey traverse Begmmng at GPR line endpomnt, tow antenna along
line with appropniate speed determined from test hne, and using optimum
mstrument settings determmned from test lne Continue above procedure for

entire hne and subsequent grid lines

If hard copies of each hine of data from printer are made, label all notations on
the record to correspond to notes made n the field notebook, including recording

parameters.

Permanent copies of this GPR data must be retamed digutally on tape or disk, or
on hard copy plots
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55 DATA ANALYSIS

6.0

When the anticipated hazards are 1solated pieces of metal, borehole locations will be cleared to a
mimum of 6 feet around the dnlling location stake In these cases, data will not be retamed for
later analysis, but the results will be documented on Form GT 10A  If an anomalous area wathin
6 feet of the borehole location stake 1s 1dentified, the borehole location will be changed to an
anomaly-free area within 50 feet of the onginal borchole location to minimize the possibility of

contact with any anomalous material below the surface

When the hazard 1s bunied trenches or pits, larger areas wiil have to be geophysically surveyed to
clear borehole locations In these cases, electromagnetic data will be collected with a digital data
logger. The data will be transferred to a personal computer for analysis. Adjustments to the boring
location (if required) wall be made after the data are analyzed and interpreted

In both of the above cases, Form GT 10A will be used to document the procedures and reasoning

for the relocation or approval of a borehole location

At all times, geophysical data will be collected and nterpreted in a conservative and prudent
manner Additionally, appropnate levels of caution will be exercised by all field crews involved 1n

intrusive activities, even on geophysically "cleared” bonng locations

ADMINISTRATIVE BOREHOLE CLEARANCE

Admimistrative borehole clearance will be required for drilling operations at the RFP and wall
consist of obtaiming work and excavation permuts. Copies of these forms are included m Section

70, Documentation

(4011 REV)(GTI10REV 1))(06-07 91)



-

BOREHOLE CLEARING
. EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No.: GT.10, Rev. 1
Page. 15 of 16
Effective Date- June 10, 1991
Category 2 Orgamzation® Environmental Management
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62

Work permits will be required for dnilling operations 1 all restricted access areas, which include
IHSSs These permits will be 1ssued by the EG&G construction manager and will be vahd for one
week of dnlling operations (see Section 70, Documentation) If field operations extend beyond a
week’s time, a request for an additional work permit will be submitted to the construction manager

Thus request will include details of the drilling operations planned for the following week

Daily work permits will be required for all dnilling operations within the perimeter security zone
(PSZ)

The permitting process will consist of the construction manager reviewing the field operations plan
(FOP), EG&G personnel clearing underground utilities, and screeming for low energy radiation

The work permit will be kept at the drill site during the dnilling operation

Instructions and requirements for the use of a Radiological/Health & Safety Work Permit (see
Section 7 0, Documentation) are contained in H&S 6 05 Radiological/H&S Work Permit available
through EG&G

EXCAVATION PERMIT

Excavation permits will be required for drilling or excavating deeper than 18 inches These permts

will also be 1ssued by the EG&G construction manager A permut will be required for each project
and will be valid for 60 days The excavation permt will also be kept at the drill site

(4011 REVXGTIOREV 1))(06-07-91)
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79 DOCUMENTATION

A permanent record of the implementation of this SOP will be kept by documenting field
observations and data The date of the manufacturer’s most recent cahibration and certification will
be documented if this information 1s available Field calibration checks, geophysical observations,
and data will be documented on the Borehole Clearing Analysis Form (Form GT 10A)
Admumstrative clearances will be documented on the Radiological/Health and Safety Work Permut,
and the Rocky Flats Excavation Permit

.

(4011 REV)(GTI0REV 1))(06-07-91)
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BOREHOLE CLEARING ANALYSIS

FORM GT 10A

Project Name Date
Project Number Operator
Survey Type Instrumentation
Date of last calibration and instrument certification
Ficld calibration dates
Location Surface Max Anomaly Comments or Action
(Borehole ID and Condition Depth Present
Coordinates (if of Y/N)
Available) Interest

———
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30

Thus standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats
Plant (RFP) for conducting downhole geophysical logging  Geophysical logging may be
accomphshed by employing a variety of downhole instruments. Geophysical logging methods may
include, but are not hmited to, temperature log, caliper log, density log, focused log, induction log,
mucro log, neutron log, sidewall neutron log, spontaneous potential log, acoustic log, vanable density

and full-waveform sonic log, dip log, gamma ray log, or collar log

Accurate and dependable quantitative analysis of the data requires that the logging operation be of
the best possible quality. The following sections describe all procedures that will be used to collect
and document downhole geophysical data

RESPONSIBILITIES AND QUALIFICATIONS

Oversight and supervision of geophysical logging operations will be conducted by an EG&G or
subcontractor representative Downbole logging 1s to be performed by a qualified and reputable
firm with geophysical logging expertise

Prior to any geophysical logging operation, the EG&G or subcontractor representative will contact
the manager and/or supervisory operator of the logging service company to review the logging
program and supply the information necessary to have all applicable equpment at the drill site
when required  An appropnate suite of downhole logs will be agreed upon based on the project-
speafic objectives presented 1n the work plans The subcontractor will have ultimate responsibility
for data quality.

(4011 800-39)(GEOTECH 15)(06/07/91)
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4.0 REFERENCES

41 INTERNAL REFERENCES

5.0

Related SOPs cross-referenced n this SOP are as follows

. SOP FO 3, General Equipment Decontamination

. SOP FO 4, Heavy Equipment Decontamination

. SOP FO 16, Field Radiological Measurements
PROCEDURES

The use of geophysical logging will be discussed mn the project work plans Given the project-
speafic objectives and the subsurface information required, an appropnate suite of logs will be
proposed and agreed upon The EG&G or subcontractor representative will subsequently provide
the logging service company with all pertinent information required to conduct the downhole logging
(e g., objectives, types of hithologes, etc) The logging company will mantain access to any
additional logging equipment requested by the EG&G or subcontractor representative and wall
provide the additional logging service within eight hours of the request

The subcontractor will notify the appropnate EG&G personnel of the imitiation of downhole logging
actiities, including Secunity and EG&G Radiation Protection Techmicians (RPTs) or RPT
designated representatives Prior to entry onto the RFP, downhole mnstruments will be examined
by Secunity Particular emphasis will be placed on checking the downhole instruments that have
radioactive sources The logging service company will be required to present documentation of
downhole source certification  If a radioactive source will be used, the logging truck will carry the

appropnate placards, and the source contamer will be appropnately labeled

(4011-800-9)(GEOTECH 15)(06/07/91)
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When the logging service company arrives at the dnll site, the EG&G or subcontractor
representative will review the logging program with the logging operator and provide information
necessary for completing the Borechole Geophysical Logging Form (Form GT 15A) Logging Umts
will be computenized and logs will be digitally recorded on tape or disk The tapes or disks will
become the property of EG&G and therr final disposition will be determmed at the end of the

project

Field prints of all logs will be made, no portion of the log run, including calibration steps, will be
destroyed Field prints will be collected by the subcontractor’s representative at the end of each
day No hole will be left unlogged at the end of the day

The EG&G or subcontractor representative, as well as any appropriate EG&G personnel, will have
access to the logging umit at all times m order to momtor logging activiies The subcontractor’s
field supervisor 1s responsible for notifying the logging company as soon as a hole 1s available for
logging. Holes should be left open for as little time as possible In the event of a stuck tool, every
effort will be made to recover the tool. If the tool contamns a radioactive source and cannot be
recovered, State of Colorado guidelines will be followed 1n order to recover as much of the tool as
possible, or the tool will be cemented 1n place

After completion of logging activities 1n a given borehole, all logging equipment will be
decontammated 1n accordance with SOP FO.3, General Equupment Decontamination and SOP
FO 4, Heavy Equipment Decontamination  After decontamination, radiation monitoring activities
will be conducted by EG&G RPTs or RPT designated representatives Monitonng will be
conducted for geophysical logging equipment and personnel before they leave the work area All
radiation monitoring will be done 1n accordance with SOP FQ 16, Field Radiological Measurements
and the Health and Safety Program Plan After radiation momtoring, all equpment and personnel

will proceed to the decontamination facihity for final decontamination

(4011-800-39)(GEOTECH 15)(06/07/91)
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6.0

DOCUMENTATION

Logging information will be documented on the Borehole Geophysical Logging Form (Form
GT 15A) and the Quality Control Check List (Form GT 15B) Pnor to releasing the logging
operator, the EG&G or subcontractor representative will check these forms for completeness An
"N/A" can be substituted for a check on the Quality Control Check List if the item 1s not apphcable
to the logging run in progress Any unmarked items will be discussed and recorded in the
"REMARKS" secion When the EG&G or subcontractor representative 1s satisfied with the
performance of the logging operation, he/she and the logging operator both will sign and date the
Quality Control Check List Forms will be completed in the field without transcribing from a field
book or other document This techmque reduces offsite work hours for the geologist or
geophysiaist, reduces the chance for errors in manual copying, and allows the completed document
to be field-reviewed immedaately after logging.

High quality, reproducible logs will be submitted by the logging service company to the
subcontractor’s office within 10 working days after the logging run is completed.

6.1 EQUIPMENT CALIBRATION

The geophysical logging company will calibrate all logging equipment before and after the logging
run The geophysical logging company will provide documentation of all shop calibrations, surface
cahbrations, and cahbrations performed before and after the logging run to the subcontractor The
geophysical logging company will possess documentation of downhole instrument source certification

for any radioactive tools.

(4011-800-39)(GEOTECH 15)(06/07/91)
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U S DEPARTMENT OF ENERGY ROCKY FLATS FORM GT 15A
Page 1 of 1
BOREHOLE GEOPHYSICAL LOGGING FORM
LOG RUNS Date
] Induction
| Natural Gamma Project No
| | Neutron Project Name
r_— Spontaneous Potential Sample Location
|| Short-Normal Resistivity
: Long-Normal Resistivity
Caliper Weather Conditions
| Temperature Observations/Comments
; Gamma~-Gamma Density Hole Conditions
Full-Waveform Sonic Flud in Hole Y N
| ] Other Fluid Temp
Fluid Resistivity

Casing Y N

Type of Casing

Casing ID

Bit Size

DEPTH (fect) | 1IME (hour)
LOG TYPE Prom | To [Bogm | End

Remarks
Supervisor Logging Operator
Signature Signature
Company Company

(4011 (Gl OTCCH 13)(FORM13 WKI)(S/10/91)
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Page 1 of 2
BOREHOLE GEOPHYSICAL LOGGING
QUALITY CONTROL CHECK LIST
Logging engineer shall check all items No 1 to 36 applicable to the logging operation
Items unchecked shall be discussed and recorded 1n the "REMARKS" section
Items not apphicable will be designated “N/A*, the Logging Operator and supervisor representative
will sign and date the checklist upon completion of the logging operations and this checklist
Any additional comments should be included on the “REMARKS" section
Date
GENERAL No
Calibration before and after each survey 1
Casing I D size, bat size, and hole size recorded 2
Tool description and designation included 1n log heading 3
Depths at which any major changes 1n mud propertics occurred are included i remarks section of log heading 4
Depth at which any hole or casing size changes occur are included m remarks section of log heading 5
Depth at which any unusual hole conditions were encountered are included 1n remarks section of log heading 6
Abnormal or unusual conditions noted 1in “remarks™ section 7
Logging operator has copies of nearby drill holes for comparison 8
Logging operator has copics of previous log runs of this dnll hole 9
Lo;rea?mg completely filled out 10
Appropnate logging scales chosen and recorded for all logs 11
All scale changes noted on log at corresponding depths 12
Base of casing detected and labeled on all logs (if present) 13
All curves labeled 14
Logging speeds recorded and conform to cheats request or service company specification 15
NEUTRON AND NATURAL GAMMA RAY LOGS
Caliper recorded 16
Background gamma ray recorded 17
SPONTANEOUS POTENTIAL
Ground electron in a stable position 18
Adequate scale for SP sensitivity approximately 5 divasions deflections from shale line to clean sand line 19
SP baseline shifts greater than one division corrected abruptly and labeled 20
If SP abnormal re-run with survey curreat off and ground electrode checked 21
While on bottom prior to logging SP recorded and labeled with current on and off 22
RESISTIVITY LOGS
Mud or borehole fluid resistivity recorded 123 ]
CALIPER LOG
Magnitude (size) of changes i borehole dismeter capable of being distinguished are specified on log 24
Recording made in casing (if present) as a check of calibration 25
TEMPERATURE LOG
Log recorded while gomng 1n hole 26
Flow line, mud pit, and air tempersture measured and recorded 27
GAMMA-GAMMA DENSITY LOG
Caliper recorded 28
Background gamma ray recorded 29
Bulk density (g/cc) and porosity (%) curves recorded 30
Matrix density and fluid density labeled 31
Correction curves (g/cc) recorded 32
SONIC LOG
Adequate scale for velocity sensitivity { 33 |
INDUCTION LOG
Adequate scale for conductivity sensitivity J 34 [
DIPMETER
Adequate scale for sensitivity ﬁﬂ
FRACTURE LOG

Adequaste scale for sensitivity

(401 TGFOTECH 13)(FORMI3 WK1)(5/10/91)
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U S DEPARTMENT OF ENERGY ROCKY FLATS

BOREHOLE GEOPHYSICAL LOGGING
QUALITY CONTROL CHECK LIST

FORM GT 15B
Page 2 of 2

Date
No. QUALITY CONTROL CHECK LIST
Additional Comments
Supervisor. Logging Operator
Signature Signature
Company Company

(4011 (GEOTECH 13)(FORMI13 WKI1)(5/10/91)
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3.0

PURPOSE AND SCOPE

Thas standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats
Plant (RFP) to perform land surveying associated with all EM activities conducted by EMAD
Accurate and dependable land surveying techmiques are necessary to insure acqusition and
documentation of data pertaining to the surface topography, geologic hthology, hydrogeologic and
atmospheric regimes at the site  Relable land surveying data are essential to determining accurate
areal and vertical locations of data acqusition (sampling) pomnts and to tie these pomnts mto
established map coordinates of the surrounding area This SOP describes procedures to be used
during the prehmnary placement of sampling points and land surveying requirements to accurately

locate the points prior to, or after, the data acquisition event

RESPONSIBILITIES AND QUALIFICATIONS

Oversight and supervision of the samphng point location and land surveying operations will be
conducted by an EG&G or subcontractor representative Prehminary location of the pomnts may
be performed by either EG&G or subcontractor personnel famihiar with the project site and tramned
m the use of primary surveying equpment (e g. Brunton compass, tape measures, plumb bobs)
However, the actual land surveying activities required to document the samphing point locations for
the project record will be performed by a professional land surveying contractor The land
surveying activities will be conducted by, or under the direct supervision of, a hicensed Colorado
Professional Land Surveyor

Prior to any land surveying operation, the EG&G or subcontractor representative will contact the
manager and/or supervisory team leader of the surveying contractor to review the surveying
program and supply the information necessary to complete the surveying program (e g list and

location of wells or borings to be surveyed, approximate length and location of geophysical lines,
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etc.) Appropnate project-specific objectives presented i the work plans will be discussed at this

time The subcontractor will have the ultimate responsibility for surveying data quality

REFERENCES

INTERNAL REFERENCES

Related SOPs cross-referenced n this SOP are as follows

. SOP GT 6, Monitoring Well and Piezometer Installation
. SOP GT 7, Logging of Test Pits and Trenches
. SOP GT 8, Surface Soil Sampling
. SOP GT 10, Borchole Clearing
PROCEDURES

PRELIMINARY LOCATION OF SAMPLING POINTS

The proposed locations of the data acqusition pomnts will have been discussed 1n the project work
plans with the locations indicated on project site maps/figures and/or described in the text EG&G
and subcontractor personnel will review the proposed sampling points prior to actual location in the
field and come to final agreement regarding them

Prelmnary location of the samphng poimnts prior to samphng will be achieved by staking and
flagging the points These activities will, 1n most cases, be performed by the subcontractor and/or
EG&G personnel and will attempt to achieve location accuracies of + 10 feet of the proposed work
plan data acquisiion points Once the sampling actmity 1s performed, the accurate location of the

sampling point will be determined by precise land surveying methods

(4011-800-39)(GEOTECH 17)(06/07/91 2.36pm)




. LAND SURVEYING
EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS
EMAD MANUAL OPERATION SOP Procedure No.: GT.17, Rev D
Page* 40f6
Effective Date: June 10, 1991
Category 2 Orgamzation: Environmental Management

In the following example, a soil boring sampling pont 1s to be established to obtain split spoon
samples of suspected contamated soils 1n proximity of an RFP Operating Unit The staking and
flagging procedures employed for such a sampling event are representative of any data acquisition
program at RFP and are presented herein to illustrate the generic procedures to be used mn all
EMAD/EM programs Predrilling staking and flagging will be performed as follows

A stake and orange flagging will be placed in close proximity to the preliminary samphing point
location as identified on the project map If a more precise placement 1s dictated (such as to place
a monitoring well directly downgradient of a buried pipe etc ), a Brunton compass and steel tape
will be used The prednlhing site should be located within approximately five feet either direction
of the map location and marked with a stake and orange flagging

If the prelimmary location falls in an unfavorable site, a stake and green flagging will be placed in
close proximity noting footage and direction to actual preliminary site location The EG&G project
manager or designee will then make the determnation as to final placement of the borehole and
relocate the site with a stake and orange flagging. Each stake will have the borehole number clearly
marked in permanent mk EG&G EM staff will field check each borehole location and approve
the sites prior to the imtation of drnlhing,

The above procedures provide satisfactory site placement accuracy to conduct data and/or sample
acquisition events All site measurements pertammng to location obtained during the event (1 e,
horizontal and vertical distance offsets) are subsequently related back to ths staked location Land
surveying methods, discussed i the next subsection, are then used to precisely tie the staked

location 1nto regional surveyed databases

NOTE It 1s critical that the flagged stakes used to prehminanly locate a data acquisition site be
preserved intact during and after, the samphng event until the accurate land survey of the

pomnt 1s completed The stake represents the only historical reference pont for the

(4011-800-39)(GBOTECH 17)(06/07/91 2:36pm)
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samphng event and must be protected If the stake must be destroyed during the sampling
event (e g a soil boring or trench 1s placed at the staked location), appropnate offset stakes
must be installed and documentation of the offsets (both horizontal and vertical) recorded
m log books Once a sampling event 1s completed, the original staked location 1s

reestablished and staked from this documented offset information

FINAL LOCATION OF SAMPLING POINTS

Before the final survey begins, the EG&G or subcontractor representative will contact the manager
and/or supervisory team leader of the surveying contractor to review the surveying program Any
information needed to complete the surveying program (e g list and location of sample sites to be
surveyed, list and location of benchmarks to be used during the survey, site access, etc.) will be
supphed Any other specific project objectives will also be discussed.

Instruments used for surveying will be recahbrated and recertified, if required The date of the last
calibration and certification will be documented on the Surveying Form (Form GT 17A) The
mmmmum relative accuracy for surveying will be 01 foot horizontally and vertically Momtoring
wells may be located to the 001 feet in elevation because water level measurements are usually
estimated to the 001 foot

Final location of the sample sites will be achieved by setting a marked stake with a tack n it at the
exact location If a monument already exists, the location of the monument will be surveyed For
abandoned borehole sites, the locating point will be at the center of the grout cap For well sites,
horizontal measurements will be taken to the well center Three elevation measurements will be
made the elevation of the grout or concrete apron adjacent to the north side of the well casing,
the elevation of the top of the well casing and the elevation of the top of the protective casing All

elevation measurements will be made on the north side of the well

(4011-800-3%)(GEOTECH 17)(06/07/91 2.36pm)
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All monument coordinates will be established by closed traverse, trilateration or other method that
provides for venfication of relative accuracy All monument coordmates will be reported on the
Colorado State Planar Coordinate System (Lambert Projection, NAD 1927) Central Zone The
coordinates will be true state plane coordinates All monument elevations will be established using
at least two controls/benchmarks of known elevation Monument elevations will be reported
according to USGS standards In addition, all monument locations will be checked by tying the site
mnto a second known control/benchmark One benchmark will be east of RFP and the second
benchmark will be west of RFP

DOCUMENTATION

A permanent record of the implementation of this SOP will be kept by documenting field
observations and data The date of the most recent calibration and certification of the equipment
will be documented Field cahibration checks, surveymg observations and data will be documented
on the Surveying Form (Form GT 17A) A numerical printout of all coordnates and data provided
on a 3 1/2" diskette along with a base map will be delivered to the EG&G or subcontractor

representative within ten working days

(4031-800-0)(GEOTECH 17)(06/07/91 2.36pm)




US DEPARTMENT OF ENERGY ROCKY FLATS Form GT 17A
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SURVEYING FORM
Project No Date
Project Name Weather Conditions
Site Location
Survey Purpose

Degree of Relative Accuracy Required

Equpment

Observations/Comments

SITE SKETCH

Remarks

Supervisor Surveyor

Signature Signature

Company Company
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SURVEYING
QUALITY CONTROL CHECK LIST

Surveyor shall check all items No 1 to 13 applicable to the surveying operation

Items unchecked shall be discussed and recorded 1n the "REMARKS" section

Items not applicable will be designated "N/A", the surveyor and supervisor representative will sign and date the checklist upon
completion of the surveying operations and this checklist

Any additional comments should be included on the "REMARKS" section

GENERAL No.
Venfication of survey sites 1
Survey form heading completely filled out 2
Abnormal or unusual conditions noted 1n "remarks” section 3
Instrument calibration and certification venfied 4
“ Site location sketch completed or attached 5
“ PRELIMINARY SURVEY
Site located 6 IJ
Site staked or flagged 7 “
FINAL SURVEY
Site coordinates recorded 8
Site clevations recorded 9
| weL srres
" Elevation of grout or concrete pad recorded 10
H Elevation of top of well casing recorded 11
Elevation of top of protective casing recorded 12
|| cumccs ||
II Site coordinates checked 13 ll
" Site clevations checked 14 “

(4011-800-39)(GEOTECH 17)(06/07/91 2:36pm)
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30

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats
Plant (RFP) for conducting surface geophysical surveys In general, surface geophysical surveys will be -
conducted to aid charactenzation of the subsurface Geophysical techniques measure variations in the
physical properties of the subsurface Thus, they are useful 1n identifying interfaces indicated by changes
n seismic veloaity, density, resistivity or conductivity, flmd content, degree of fracturing, soil or rock
thicknesses, or hnear features such as faults or dikes Since they measure physical property vaniations,
geophysical techniques can aid the delineation of man-made subsurface features (pipelines or buned
tanks, drums, and trenches) as well as subsurface contammation This SOP spectfically addresses
shallow electromagnetic (EM) and ground penetrating radar (GPR) techmques

RESPONSIBILITIES AND QUALIFICATIONS

Oversight and supervision of the geophysical surveys will be conducted by EG&G personnel The
subcontractor project manager or task leader 1s responsible for assigning project staff to perform the
geophysical surveys Project staff performing these surveys will be trained geophysiaists or tramned
personnel with a sigmficant amount of geophysical field experience The task leader 1s also responsible

for assuring that these and any other appropriate procedures are followed by all project personnel

Only qualfied personnel shall be allowed to perform geophysical surveys Quablifications are based on
education, previous expernience, or on-the-job traming with supervision by another qualified person All
staff involved with the geophysical surveys shall have previous experience with data collection and
mnterpretation procedures for the methods used The subcontractor Project Manager shall document

personnel quahfications related to this procedure i the project QA files.

(4011 REV)(GTISREV 1)(06-07 91)
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40 REFERENCES

4.1 SOURCE REFERENCES

42

50

The following 1s a list of references prior to the writing of this procedure

A Compendium of Superfund Field Operations Methods EPA/540/P-87/001 December 1987

1 for Conducting R Investigati Fi 1l 1 nder CERLCLA Interim
Final October 1988

McNeill, JD. 1980 Electromagnetic Terrain Conductivity Measurement at Low Induction Numbers,
Techmcal Note TN-6, Geonics Ltd, Canada.

RCRA Facility Investigation Gwmdance EPA Interim Final May 1989

INTERNAL REFERENCES

J SOP FO.3 General Equipment Decontamination
. SOP GT 10 Borehole Clearing

PROCEDURES
The use of geophysical techmques will be discussed in the project work plans Given the project-specific

objectives and the subsurface information required, an appropniate geophysical program will be proposed
and agreed upon between EG&G personnel and the subcontractor The purpose of the subsurface

(4011 REV)(GTI8REV 1)(06-07 91)
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51.1

mvestigation and result expectations must be outhned Prior to the collection of geophysical data,

several preliminary considerations must be made These mnclude as a mmmum

. Review exising and appropnate site, area, and regional subsurface geologic and

hydrogeologic information including soil charactenistics

. Define any known hazards that pose a threat to the safety of field personnel

. Review site utthity plans and obtain the locations of electrical and telephone utihities

and address their potential influence on survey results

Subsequent sections describe speafic procedures for each technique

ELECTROMAGNETICS

Introduction

Electromagnetic (EM) methods provide a rapid means of measuring the electrical conductivity of
subsurface soil, rock, and groundwater Thus, 1t can be useful for assessing subsurface conditions such
as depth and orientation of bedrock; lateral vanations in soil and rock and extent of paleochannels,
lateral, and in some instances, vertical extent of contamnants, and the presence of ferrous and

nonferrous metals

The method mvolves the induction of electrical current into the subsurface A small alternating current
passing through a transmutter coil produces a primary, ime-varying magnetic field into the ground
Through inductive coupling, the primary magnetic field produces small eddy currents i the subsurface
which, 1n turn, create their own secondary magnetic field The recerver coil senses both the primary and

secondary fields Changes m magmtude and phase of the individual currents are hnearly related to the

(4611 REV){GTISREV 1){06-07 91)
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terrain conductivity These changes 1n the individual currents are converted to voltages and output as
ground conductmity values, which can be recorded manually, by a strip recorder, or a digital logger
Depth of investigation 1s related to the separation between the transmitter and recewver colls By using
multiple coil spacings, several penctration depths can be achieved All conductivity values are

subsequently plotted on a map so that their vaniation over the site can be analyzed

Terrain conductivity 1s a function of the soil or rock composition, the porosity and permeability of the
subsurface umits, and the conductivity of the fluids filling the pore spaces The possible sources of an
EM anomaly must be kept 1n mind when collecting the data and during interpretation

This SOP specifies procedures for EM surveys utihzing shallow penetration systems including the EM-
31, EM-38, and EM 34-3 These nstruments can be utiized with two different coil orientations, the

horizontal dipole mode (couls vertical coplanar) and the vertical dipole mode (coils horizontal coplanar)
The two modes provide different penetration depths to be achieved

512  Survey Design

512.1 Li ipmen

The following 1s a bst of equipment that will be necessary to complete an EM survey:

. Geonics EM-31, EM-38, or EM 34-3 terrain conductivity system or equvalent (choice
based on depth penetration required)

. Dugital logger and/or analog strip recorder (when data collection 1s over large gnid
area)

. Wood stakes or lath

. Flagging

(4011 REV)(GTIS8REV 1)(06-07-91)
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. Field notebook

Pens with nonwater-soluble ink

5.122 Field Procedures

A standard field procedure for collecting EM data 1s described below Prior to EM data collection, two

prehminary procedures must be conducted These are

Design appropnate ficld parameters, given the purpose of the survey, (depth of
mvestigation, whether EM-31, EM-38, or EM 34-3 1s used, coil spacing, coil

orientation, station spacing, etc)

Survey the locations of hine endpomnts along each hne and denote those locations 1n the
ficld with lath or other wood stakes Mark stations with coordinate designation based
on RFP coordinate system Transfer ine and station locations to approprate base

map

Design of appropnate ficld parameters must consider the following:

(4011 REV)(GT18REV 1)(06-07 91)

The coil spacing should be 75 to 1.5 times the required depth of penetration
depending on whether the instrument will be used in the vertical or horizontal dipole
mode Instrumentation must be chosen so that the objective penetration depths can
be achieved Table GT 18-1 summarizes mstrument modes and approximate

penetration depths

Spacing between stations determines the degree of resolution achievable, a spacing of
10 to 100 feet 1s commonly used, however, spacing as small as 2 feet may be required

for extremely shallow targets or to aid resolution in very complex environments
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Actual chosen station spacing must be determined by resolution desired, maximum

depth required, and overall survey objectives

For gnid areas, ntraline spacing affects resolution, a spacing of 50 to 500 feet 1s
commonly used However, smaller spacing may be required depending on the

resolution required and overall survey objectives

Accurate defimtion of an EM profile anomaly requires three or more anomalous

readings

Background conductivity noise caused by cultural mterference, such as overhead or
buried powerlines and steel-cased momtor wells, must be evaluated and/or estimated
to assess therr potential effect on an EM survey High noise levels can make
mterpretation difficult and can cause significant anomalies to be overlooked and, in
some 1nstances, can make data collection and interpretation impossible. Actual
background noise must be considered when collecting and interpreting the EM data

Background conductivities for the investigated materials or groundwater should be
determined to aid anomaly interpretation  Conductivities for site-specfic groundwater
should be determined by analynng samples from monitoring wells adjacent to the
survey area This should be done as close as possible to the actual survey date to
ensure that the pore water conductivity determined 1s representative at the time of the

survey
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TABLE GT.18-1

EM INSTRUMENT MODE AND PENETRATION DEPTHS

Instrument Coll Mode Approximate Depth of
Spacing Penetration (ft)
EM-38 Fixed - 1 meter HDM 25
(3 28 feet) VDM 5
EM-31 Fixed - 3 66 meters HDM 9
(12 feet) VDM 18
EM-34-3 Variable - 10 meters HDM 25
(328 feet) VDM 49
20 meters HDM 49
(65 6 feet) VDM 98
40 meters HDM 98
(1312 feet) VDM 197
Note. HDM = Honzontal Dipole Mode
VDM = Vertical Dipole Mode

A standard field procedure for conducting an EM survey 1s described below.

@ 3
|

Perform a visual survey along the proposed lines The visual survey will include a review

of site utility plans, check for overhead wires, check for manhole covers, buried cables,

burnied gas hine indications, or steel-cased momtornng wells, and have site locators confirm

the presence of any possible telephone and utility features Note any features n field

notebook

Note excessive amounts or large pieces of metal on the ground surface n field notebook

Note large nearby vaniations in topography or buildings (within 50 feet) n field notebook

’ (4011 REV)(GT18REV 1){06-07-91)
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Check nstrument battery for sufficient charge and test instrument using manufacturer’s

procedures

Imtiate site survey traverse with EM instrument Instrument operation must follow

manufacturers operating procedures for horizontal and vertical dipole mode operation

Record the obtained conductivity value 1n the data logger, or field notebook Note station

number and coordinates

Continue above procedure for each station along the hne For two or more coil spacings
or orientations at each station, multiple passes along each hne are made, ensuring that

occupied stations are repeated with each coil orientation

If hard copies of each hne of data from strip recorder are made, label and/or number all

notations made on the record to correspond to notes made 1 the field notebook

When a data logger 1s utiized, download data from the data logger on a daily basis to
computer for further analysis

513 Data Processing and Interpretation

A standard procedure for processing and interpreting the EM data 1s described below

Collected data 1s downloaded from data logger or mput to mamn computer from recorded

field notes, and processed. Data 1s then plotted and may be contoured

Comparing the results of all plots, contrasts 1in conductivity may indicate the presence of

subsurface anomahes

(4011-REV)(GT1SREV 1)(06-07-91)
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52

521

3 Using avallable borehole information and any other existing geophysical data as a

reference, develop a subsurface conductivity model that 1s consistent with all available data

GROUND PENETRATING RADAR

Introduction

Ground penetrating radar (GPR) has been used for mapping shallow geologic mnterfaces, delineating
shallow bedrock, locating voids 1n concrete or imestone, and finding bunied pipeline or remnforcement

bars

GPR 1nvolves a system that transmits electromagnetic pulses into the ground from an antenna near the
surface These pulses are reflected from a vanety of subsurface interfaces back to a recever As the
antenna 1s towed along a survey line, the GPR signals are processed and displayed on a graphic
recorder. The displayed data is a two-dimensional continuous profile along the surveyed line, depicting
time versus distance The display 1s very sumilar to a geologic section, except that the record 1s a time
section rather than a depth section.

GPR has excellent resolution of subsurface features when favorable conditions exist However, actual
depth penetration is highly site-specific and depends on the near-surface soil conductivity Highly
conductive soils, such as clays, can reduce penetration to less than three feet Less conductive matenals,
such as hmestone, will allow depth penetration of 30-50 feet

(4011 REV)(GT18REV 1)(06-07-91)
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522  Survey Design

5§22.1 List of Necessary Equipment

The following 1s a hst of equipment that will be necessary to complete a GPR survey

GSSI SIR System-3 or equivalent digitally equpped radar system

* Flagging

« Lath or wooden stakes

e  Field notebook

¢  Pens with nonwater-soluble mnk

e Measuring tape (200 feet mmmum) (note a measuring wheel can be substituted for

relatively smooth surfaces)

o Extra paper for profile recorder

¢  Extra stylus(s) for profile recorder

(4011 REV)(GT18REV 1)(06-07-91)
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5222 Field Procedures

A standard field procedure for collecting GPR data 1s described below Prior to GPR data collection,

two prelminary procedures must be conducted. These are

Design appropnate field parameters, given the purpose of the survey (onentation of lines

or gnd, gnid spacing, frequency of antenna, necessity of antenna shielding, etc)

Survey in hine endpoints and mark these locations 1n field with lath or wooden stakes

Transfer hine locations to correct position on base maps

Design of appropriate field parameters must consider the following.

The antenna and associated transmitter frequency used must optimize the penetration
depth and required resolution given the survey purpose Typical frequencies are 80 Mhz,
100 Mhz, 120 Mhz, 300 Mhz, 500 Mhz, and 1000 Mhz. Higher frequency antennas allow
greater subsurface resolution, but penetration is reduced over that of lower frequencies
Surveys should be designed to have a minimum of two antenna frequencies available, to

optimize results

For gnd areas, intraline spacing affects resolution, a spacing of 3 to 50 feet 1s commonly

used Actual spacing must weigh resolution required

Method of antenna towing must be evaluated given the site conditions For smooth
surfaces or terrain, the antenna can be towed directly on the surface For areas with
sigmficant vegetation or surface stones and rocks, the antenna may need to be suspended
6-18 nches above the ground or carried 1n a plastic non-conductive wagon, to prevent

antenna damage and potentially dubtous GPR data collection

(4011 REV)(GTISREV 1)(06-07-91)
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e Antenna shielding should be considered and designed to handle the field conditions
Surface features such as fences, powerlines, trees, etc can appear as prominent reflections

on the GPR record
A standard field procedure for conducting a GPR survey 1s described below
1 Perform a wvisual survey along the proposed lines The visual survey will include a review
of site utihty plans, check for overhead wires; check for manhole covers, bunied cables,
bunied gas hine ndicators, or cased momtor wells, and have site locators confirm the
presence of any possible telephone and utility features. Note features mn field notebook
2. Note excessive amounts or large pieces of metal on the ground surface m field notebook

3 Note large nearby vanations in topography or buldings (within 50 feet) m notebook

4. Note moisture content of soil, alluvium, or investigated media, as well as relative clay
content, as these could significantly affect the penetration depths

5 Conduct a test hne using manufacturer’s procedures Instrument settings must be
optimized to obtain appropriate data given project goals Specific recording parameters
that must be optinmized mclude, but are not imited to, the following

. radar scan speed

. signal range gain

. high and low pass filter settings
. time range for recording

. transmitter pulse rate

. recording printer speed

. antenna towing speed

(4011 REV)(GT18REV.1)(06-07-91)
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Instrument settings should be vaned during the test line to determine the optimum
recording parameters When possible, the test ine should be conducted over a known
buried feature 1n the survey area to help instrument setting optimization, and help cahbrate

penetration depths

Imtiate site survey traverse Beginming at GPR hine endpoint, tow antenna along line with
appropriate speed determmned from test hne, and using optimum instrument settings
determined from test ine Continue above procedure for entire ne and subsequent gnid

lines

If hard copies of each ine of data from printer are made, label all notations on the record

to correspond to notes made n the field notebook, including recording parameters

Permanent copies of this GPR data must be retamed digitally on tape or disk, or on hard

copy plots

523 Data Reduction and Interpretation

Data reduction of GPR data 1s hmited Most of GPR data processing occurs with the various

instrument settings during recording.

Interpretation must consider all potential sources of a GPR anomaly, including interfering reflections

from both surface and subsurface cultural features, and draw upon the nterpreter’s GPR experience

Using site surface data, available borehole information (should it exist), or any other existing geophysical

data, develop a subsurface model that 1s consistent with all available data

(4011 REV)(GTISREV 1)(06-07-51)
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6.0 DECONTAMINATION

Personnel mvolved with surface geophysical surveys will follow all decontamination procedures as
outhned in the Health and Safety Plan Geophysical equipment which has been mn contact with
potentially contaminated ground surface will be decontaminated according to procedures outhned in
SOP FO.3 - General Equpment Decontamination, as well as any appropnate procedures specified in
the Health and Safety Plan

7.0 DOCUMENTATION
A permanent record of the implementation of this standard operating procedure will be kept by
documenting field observations and data. Observations and data will be recorded with black waterproof

ik in a bound weatherproof field notebook with consecutively numbered pages Documentation of

completed decontammnation actvities should similarly be noted

(4011 REV)(GTISREV 1)(06-07-91)
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20 PURPOSE AND SCOPE

This standard operating procedure (SOP) describes procedures that will be used at Rocky Flats to
define the standard operating procedure for the use of field gas chromatographs (GCs) These

mstruments are used in the identification and quantitation of volatile organic compounds

Level I and level II analyses are defined as field screeming/analytical methods which utihze

equipment amenable to the ngors of field conditions, and are located at or near the sampling site

Level 1 analytical support 1s typacally defined as field screening, with the objective of generating data
which will generally be used (for example during Phase 1 mnvestigations), in refining sampling plans
and determining the extent of contammation A second objective of Level I analyses 1s to conserve

other analytical support resources

Level 1 analyses are generally effective for total Volatile Organic Compound (VOC) vapor readings
using portable photoiomzation or flame 10mzation detectors (PID or FID) Detection 1s typically
hmited to volatle compounds These types of analyses provide data for on-site, real-time total
vapor measurements, evaluation of existing conditions, sample location optimization, extent of
contamination, and health and safety evaluations Data generated from Level I analyses are
considered quahitative in nature although semi-quantitative and/or quantitative data can be
generated, for example, by using the GC option of an FID, with sufficent cahbration Data

generated from Level I analyses provide the following

. Identification of soil, water, air and waste locations which have a high hkehhood

of showing contamination through subsequent analysis,

. Real-time data to be used for health and safety considerations during site

vestigations,

(4011-800)(GEOTECH 19)(06/07/91 2.40pm)
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. Qualitative data relative to a primary calibration standard if the contaminants

being measured are unknown,

. Quantitative data if a contaminant i1s known and the mstrument 1s cahbrated to

that substance, and

. Presence or absence of contamination

Level II analytical support 1s designed to provide real-time data for ongoing field activities or when
mitial data will provide the basis for seeking laboratory analytical support As such, Level II
analytical methods can be effectively utihized when a phased approach 1s used for field samphng
There have also been a sigmficant number of instances where data derived from Level II support
have been used to make decisions about site disposition

Level II analyses are used for on-site, real-time baseline data development, extent of contamination
and remedial achvities and generally provide rapidly available data for a vanety of actvities
including hydrological mvestigations (establish depth/concentration profiles), extent of contammant
determination including special activities such as vadose zone sampling, cleanup operations

(determne extent of contaminated soil excavation), and health and safety considerations

Typically, a gas chromatograph and more sophisticated nstruments operated n the field provide
the bulk of the analytical support at this level The ability to assess the data quality (accuracy and
preasion) 15 dependent upon the QA /QC steps taken 1n the process, including documentation of
blank injections, cahbration standard runs, and runs of standards between samples, sample

duplicates, and performance evaluation standards

(4011-800)(GEOTECH 19)(06/07/91 10-06am)
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3.0

4.0

41

The level of precision and accuracy that can be achieved by a speafic Level I or II analysis varies
as a function of numerous factors including the matrix and contammant(s) being sampled, and the

skill of the analyst doing the work

QUALIFICATIONS

Only quahfied personnel will be allowed to operate gas chromatographs (GCs) Required
qualifications vary depending on the activity to be performed In general, qualifications will be
based on education, previous experience, and supervision by qualified personnel  The
subcontractor’s project manager will document personnel quahfications related to this procedure
mn the subcontractor’s project QA files

Operation of the gas chromatograph will be performed 1n accordance with the manufacturer’s

instructions Personnel performing gas chromatography will receive traming from a factory
representative or a local area mstructor certified by the manufacturer to admmister training,

REFERENCES

SOURCE REFERENCES

The following 1s a list of references reviewed prior to the writing of this procedure

Ficld Screening Methods Catalog, User’'s Gmde EPA/540/2-88/005 September 1988
Chapman, H and Clay, P, Field I 1 n_T nin 1l

r1 mplemen ntract Labor: Pr LP), TDD HQ-8507-01, October
17, 1986 (Draft)

(4011-800)(GEOTECH 19)(06/07/91 10:06am)
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Clark, AE, Lataille, M and Taylor, EL, The Use of a Portable PID Gas Chromatograph for

42

50

Rapid Screening of Samples for Purgeable Organic Compounds in the Field and in the Lab, U S
EPA Region I Laboratory, June 29, 1983

Mornn, S O, Development and Application of an Analytical Screeming Pr m uperfun
Activities, Management of Uncontrolled Hazardous Waste Sites, Washington, D C November 4-6,
1985

INTERNAL REFERENCES

The related SOP cross-referenced in this SOP 1s

J SOP FO.3, General Equipment Decontamination

PROCEDURES AND EQUIPMENT

Equipment List

. Portable gas chromatograph with appropnate detector and accessories

. Chromatographic column(s) (project specific)'

. Vendor-supphed calibration standards (certified) and appropnate internal standards

. Glassware (project specific), including proper syringes

. Microprocessor and/or strip chart recorder with appropnate accessories and supplies
(project speaific)

. High purnity specialty gases (project specific)

. Field log book

1 Second column confirmation (disssmilar columns) if specified in Data Quahity Objectives (DQOs)

(4011-800)(GEOTECH 19)(06/07/91 10-06am)
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. Instrument manufacturer’s operation manual

All analyses shall be performed utiizing a ficld-area portable gas chromatograph (GC) A
chromatographic column shall be utihized which separates target compounds An internal standard
will be added to each sample being analyzed on the GC (including cahibration standards) to ensure

proper mstrument performance

Prior to the start of analysis on each day, the GC shall be cahbrated through the mjection of
commeraally-available stock standards, and/or approprate dilution of traceable stock standards
Ths cahbration (Imitial Cahbration) will, at a mmimum, consist of the analysis of three standards
with known concentrations The lowest concentration standard shall be at the required quantitation
himit, the highest concentration standard shall be within the hinear response of the instrument, and
the middle concentration standard shall be approximately midway between these two A hnear
regression of the concentration of the standard aganst the chromatographic peak area shall be

performed The correlation coefficient must be greater than 0 995

The GC calibration must be verificd after every 10 sample analyses throughout the day Verification
1s accomphshed through analysis of the mud-range concentration standard. If the measured
concentration differs from the concentration 1n the standard by more than 15%, the GC must be

recahbrated using the imtial calibration procedures above

Samples are analyzed by injecting the same volume of sample into the gas chromatograph as was
utihzed during the calibration analyses Target compound concentrations in the sample will be
quantified using the average response factor calculated from the mmtial cahbration All sample
analysis values must be less than the highest concentration calibration standard If a sample 1s
analyzed contaimng a higher concentration than the highest standard, this sample must be rerun

after dilution (alternatively, a smaller sample may be injected)

(4011-800)(GEOTECH 19)(06/07/91 10-068m)
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Specfic analytical methods and calibration procedures, standards concentrations, detectors,
temperature programs, etc are dependent on the method of analysis and analytes of nterest

Specific analytical methods and procedures will be detailed 1n applicable project work plans

Data Validation and Reporting

Data obtamned from the use of the portable GC will be valhdated by qualified EG&G or

subcontractor personnel Validation will include a review of the following speaific parameters

. GC performance and cahbration, including imtial and continuing calibrations
. Qualitative and quantitative 1dentification of analytes including recalculation from
raw data of at least 15 percent of all sample data

. Analyss of field duphicates, field and method blanks, and spikes
. Referce laboratory (outside) duplicate analyses (if required)
J Duplicate analyss of field samples by on-site GC operator

A checklist used for vahdating data 1s included as Form GT 19A

6.0 DECONTAMINATION

Field gas chromatographs will be set up n the field site support zone in order to avoid
contamination Field sample containers will be decontaminated in accordance with SOP FO.3,
General Equipment Decontamination, prior to movement 1nto the support zone and analysis using
the field chromatograph Additional equipment used during sample analysis will also be

decontaminated in accordance with SOP FO.3, General Equipment Decontamination

(4011-800)(GEOTECH 19)(06/07/91 2.40pm)
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7.0 QUALITY ASSURANCE/QUALITY CONTROL

71

Quahty Assurance (QA) and Quahty Control (QC) activities will be accomplished according to the
Quality Assurance Project Plan (QAPJP) and the project specific Quality Assurance Addendum
(QAA)

" In addition to adhering to the requrements of the site-specific Field Samphing Plan (FSP) and any

supplementary site-specific procedures, the mmmum QA/QC requirements for this sampling

activity are the following.

. QC Samples -- The number and types of QC samples including duphicate samples,
field blanks, equpment blanks, trip blanks, and other samples will be collected or
prepared as specified in the QAA

. Venfication -- Venfication activities are required for the above practices, including

surverllance and penodic record audits. These activities will be documented and
become part of the completed project records.

QA/QC SAMPLES FOR FIELD GC ANALYSIS

Frequency of calibration, method blanks, replicates, etc, are dependent upon project Data Quality
Objectives (DQOs), and must be addressed 1n the project-specific Quality Assurance Addendum
(QAA)

Daily calibration and operational checks are required to ensure that the mnstrument 1s functioning
properly Manufacturer’s calibration mstructions must be accomphshed prior to daily use, and
calibration must be confirmed at the end of each day The manufacturer’s mnstrument operation

manual will be present on site at all times

(4011-800)(GEOTECH 19)(06/07/91 10-06am)
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8.0 DOCUMENTATION

The field documentation requirements for the field sampler will include recording all observations
made during the analysis that could affect the quality of the analysis The documentation for this
analysis should be entered n a field notebook with consecutively numbered pages with locations

identified on a sample location map

Field documentation should include at a mmimum

. Date of sample collection

. Time of sample collection

. Location of the sample collected

o Sample number

. Unusual sampling conditions

. Problems encountered while obtaining the sample

. Each entry (or page) in the field notebook should be dated and imtialed by the
mdividual making the entry

(4011-800)(GEOTECH.19)(06/07/91 10:06am)




U.S. DEPARTMENT OF ENERGY ROCKY FLATS

Form GT.19A

Page 1 of 2
DATA YALIDATION CHECKLIST FOR
GAS CHROMATOGRAPHIC ANALYSES
DATE
SAMPLES ANALYZED THIS DATE
ANALYST
DATA VALIDATOR
Answer Y = Yes, N = No where appropnate Y/N

I Calibration
A Was a 3-pomt calibration made at the start of the day?
B Was the correlation coefficient greater than 0 995?

C Was the GC calibration venified every 10 samples?
What standard was utilized for cahbration verification?
Did the measured concentration differ by more than 15%?
If yes, was GC re-calibrated?

I Blanks

A Was a method blank run immediately following the imtial
cahbration and prior to any samples?

B Was any blank contamination present?
If yes, what was source of contamination and how was
problem rectified?

o Were any field blanks run?
Any contamnation present?

m Sample Documentation
A Were samples received in good condition?
If no, explain
B Were sample labels properly filled out?

If no, explan

v Sample Analysis
A Were samples analyzed WITHIN required holding time?
If no, explamn

(4011 800)(GEOTECH 19)(06/07/91 10 06am)
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Form GT.19A
Page 2 of 2

B Were any problems encountered during analysis?

If yes, explain

C Were target analytes detected above action level specified in DQOs?

If yes, was 1dentification & quantitation confirmed or
second GC column if speafied in DQOs?
Reference

D Were duplicates analyzed?

If yes, what types

What was the relative percent difference (%RPD) between
duplicates?

E Were any spike samples analyzed?
What was result versus "true” concentration?

F Were any computation/transcription errors noted?
If yes, explain
G. Overall assessment?
H Notes
Analyst Date
Data Validator Date

(4011 800)(GEOTECH 19)(06/07/91 10 06am)
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